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Foreword 




'E rapid evolution of constructive methods in recent 
'. years, as illustrated in the use of steel and concrete, 
^' and the increased size and complexity of buildings, 
has created the necessity for an authority which shall 
embody accumulated experience and approved practice along a 
variety of correlated lines. The Cyclopedia of Architecture, 
Carpentry, and Building is designed to fill this acknowledged 
need. 

^ There is no industry that compares with Building in the 
close interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con- 
struction is to-day as much out of place on important work 
as the Contractor who cannot make intelligent estimates, or who 
understands nothing of his legal rights and responsibilities. A 
carpenter must now know something of Masonry, Electric Wiring, 
and, in fact, all other trades employed in the erection of a build- 
ing ; and the same is true of all the craftsmen whose handiwork 
will enter into the completed structure. 

gt Neither pains nor expense have been spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 



expert, but one that will commend itself also to the beginner 
and the self-taught, practical man by giving him a working 
knowledge of the principles and methods, not only of his own 
particular trade, but of all other branches of the Building Indus- 
try as well. The various sections have been prepared especially 
for home study, each written by an acknowledged authority on 
the subject. The arrangement of matter is such as to carry the 
student forward by easy stages. Series of review questions are 
inserted in each volume, enabling the reader to test his knowl- 
edge and make it a permanent possession. The illustrations have 
been selected with unusual care to elucidate the text. 

CL The work will be found to cover many important topics on 
which little information has heretofore been available. This ia 
especially apparent in such sections as those on Steel, Concrete, 
and Reinforced Concrete Construction; Building Superintendence; 
Estimating; Contracts and Specifications, including the princi- 
ples and methods of awarding and executing Government con- 
tracts; and Building Law. 

CL The method adopted in the preparation of the work is that 
which the American School of Correspondence has developed 
and employed so successfully for many years. It is not an 
experiment, but has stood the severest of all tests — that of prac- 
tical use — which has demonstrated it to be the best method 
yet devised for the education of the busy working man. 

C. In conclusion, grateful acknowledgment is due the staflf of 
authors and collaborators, without whose hearty co-operation 
this work would have been impossible. 
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REINFORCED CONCRETE 

PART I 



CEMENT 

The discussion of cementing materials will here be confined to 
Portland cement. A treatise on masonry will usually include a 
discussion of the various forms of lime and other cementing materials. 
These are cheaper and some.times justifiably economical in large 
masses of masonry. There is hardly an exception to the general 
statement that Portland cement is the only form of cementing material 
which should be used in reinforced concrete. 

Characteristics of Portland Cement. The value of cement as a 
building material depends on the following general qualities. When 
mixed with water and allowed to set, it should harden in a few hours 
and should develop a considerable proportion of its ultimate strength 
in a few days. It must also have the characteristic of permanency so 
that no material change in form or volume will take place on account 
of inherent qualities or as the result of exterior agencies. There 
always is a slight shrinkage of the volume of cement and concrete 
during the process of setting and hardening, but with any good 
quality of cement this shrinkage is not so great as to be objectionable. 
Another very essential quality is that the cement shall not lose its 
strength with age. Although some long-time tests of cement have 
apparently indicated a slight decrease in the strength of cement after 
the first year, the decrease is so slight that it need not affect the design 
of concrete, even assuming the accuracy of the general statement. 

CEMENT TESTING 

The thorough testing of cement, as it is done for the largest 
public works, should properly be done in a professional testing 
laboratory. A text-book of several hundred pages has recently been 
written on this subject. The ultimate analysis and testing of cement, 
both chemically and physically, is beyond the province of the ordinary 
engineer. But the ordinary engineer does have frequent occasion 
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to obtain cement in small quantities when testing in professional 
laboratories is inconvenient or unduly expensive. Fortunately it 
is possible to make some simple tests without elaborate apparatus 
which will at least show whether the cement is . radically defective 
and unfit for use. It is unfortunately true that an occasional barrel 
of even the best brand of cement will prove to be very inferior to the 
standard output of that brand. Tliis practically means that in any 
important work, using a large quantity of cement, it is not suflScient 
to choose a brand, as the result of preliminary favorable tests, and 
then accept all shipments without further test. Several barrels in 
every carload should be sampled for testing. It is not too much to 
prescribe that every barrel should be tested by at least a few of the 
simpler forms of testing given below. The following methods of 
testing are condensed from the progress report of the Committee on 
Uniform Tests of Cement, as selected by the American Society of 
Civil Engineers. The statements may therefore be considered as 
having the liighest authority obtainable on this subject. 

Sampling. The number of samples that should be taken 
depends on the importance of the work but it is chiefly important 
that the sample should represent a fair average of the contents. The 
sample should be passed through a sieve having twenty meshes per 
linear inch, in order to break up lumps and remove any foreign 
material. If several small amounts are taken from different 
parts of the package, this also insures that the samples will be mixed 
so that the result will be a fair average, ^\^len it is only desired to 
determine the average characteristic of a shipment, the samples taken 
from different parts of the shipment may be mixed, but it will give 
a better idea of the uniformity of the product to analyze the dif- 
ferent samples separately. Cement should be taken from a barrel 
by boring a hole through the center of one of the staves, midway 
between the heads, or through the head. A portion of the cement can 
then be withdrawn, even from the center, by means of a sampling iron 
similar to that used by sugar inspectors. 

Chemical Analysis. Ordinarily, it is impracticable for an 
engineer to make a chemical analysis of cement which will furnish 
reliable information regarding its desirability, but the engineer 
should understand something regarding the desirable chemical 
constituents of the cement. It should be realized that the fineness 



12 



REINFORCED CONCRETE 



of the grinding and the thoroughness of the burning may have a far 
greater influence on the value of the cement than slight variations 
from the recognized standard proportions of the various chemical 
constituents. Too high a proportion of lime will cause failure in 
the test for soundness or constancy of volume, although a cement 
may fail on such a test owing to improper preparation of the raw 
material or defective burning. On the other hand, if the cement 
is made from very finely ground material and is thoroughly burned, 
it may contain a considerable excess of lime and still prove perfectly 
sound. The permissible amount of magnesia in Portland cement 
is the subject of considerable controversy. Some authorities say 
that anything in excess of 8 per cent is harmful, others declare that 
the amount should not exceed 4 per cent or 5 per cent. The pro- 
portion of sulphuric-anhydride should not exceed 1.75 per cent. It 
may be considered that the other tests of cement are a far more reli- 
able indication of its quality than any small variation in the chemical 
constituents from the proportions usually considered standard. 

Specific Gravity. The specific gravity of cement is lowered by 
unier-buming, aduUeration, and hydratiofiy but the adulteration must 
be in considerable quantities to affect the results. Since the dif- 
ferences in specific gravity are usually very small, great care must be 
exercised in making the tests. WTien properly made, the tests afford 
a quick check for under-burning or adulteration. The determination 
of specific gravity is conveniently made with Le Chatelier's apparatus. 
This consists of a flask D, Fig. 1, of 120-cu. cm. (7.32-cu. in.) capac- 
ity, the neck of which is about 20 cm. (7.87 in.) long; in the middle 
of this neck is a ball C, above and below which are two marks F and 
E; the volume between these marks is 20 cu. cm. (1.22 cu. in.). The 
neck has a diameter of about 9 mm. (0.35 in.), and is graduated into 
tenths of cu. cm. above the mark F. Benzine (62° Baum^ naphtha), 
or kerosene free from water, should be used in making the determina- 
tion. 

The specific gravity may be determined in two ways: 

First. The flask is filled with either of these liquids to the lower 

mark E, and 64 gr. (2.25 oz.) of powder, previously dried at 100*^ 

Cent. (212° Fahr.) and cooled to the temperature of the liquid, is 

gradually introduced through the funnel B (the stem of which extends 
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into the flask to the top of the bulb C) until the proper mark F is 
peached. The difference in weight between the cement remaining 
and the original quantity (64 gr.) is the weight which has displaced 
20 cu. cm. 

Second. The whole quantity of powder is introduced, and the 





Fig. 1. Le Chatelier's Apparatus for Determining Specific Gravity. 

level of the liquid rises to some division of the graduated neck. This 
reading plus 20 cu. cm. is the volume displaced by 64 gr. of the powder. 
The specific gravity is then obtained from the formula: 

^ .« ^ .^ Weight of cement 

Specific Gravity ='yt- — r r- ^ ' 

Displaced volume 

• 

The flask during the operation is kept in water in a jar A in 
order to avoid variation in [the temperature of the liquid. The 
results should agree within 0.01. The specific gravity of cement 
thoroughly dried at 100^ Cent, should not be less than 3.10. 

Fineness. It is generally accepted that the coarser materials 
in cement are practically inert, and it is only the extremely fine powder 
that possesses adhesive cementing qualities. The more finely cement 
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is pulverized, all other conditions being the same, the more sand 
it will carry and produce a mortar of a given strength. The degree 
of pulverization which the cement receives at the place of manu- 
facture is ascertained by measuring the residue retained on certain 
sieves. Those known as No. 100 and No. 200 sieves are recommended 
for this purpose. The sieve should be circular, about 20 cm. (7.87 
inches) in diameter, 6 cm. (2.36 inches) high, and provided with 
a pan 5 cm. (1.97 inches) deep, and a cover. The wire cloth should 
be woven from brass wire having the following diameters: No. 100, 
0.0045 inches ; No. 200, 0.0024 inches. This cloth should be mounted 
on the frame without distortion. The mesh should be regular in 
spacing and be within the following limits: 

No. 100, 96 to 100 meshes to the linear inch. 
No. 200, 188 to 200 meshes to the linear inch. 

50 grams (1.76 oz.) or 100 gr. (3.52 oz.) should be used for the test 
and dried at a temperature of 100° Cent, or 212° Fahr., prior to 
sieving. 

The thoroughly dried and coarsely screened sample is weighed 
and placed on the No. 200 sieve, which, with pan and cover attached, 
is held in one hand in a slightly inclined position, and moved forward 
and backward, at the same time striking the side gently with the palm 
of the other hand, at the rate of about 200 strokes per minute. The 
operation is continued until not more than ^\ of 1 per cent passes 
through after one minute of continuous sieving. The residue is 
weighed, then placed on the No. 100 sieve and the operation repeated. 
The work may be expedited by placing in the sieve a small quantity of 
large shot. The results should be reported to the nearest tenth of 
1 per cent. 

It shall leave by weight a residue of not more than 8 per cent 
on the No. 100, and not more than 25 per cent on the No. 200 sieve. 

Normal Consistency. The use of a proper percentage of water 
in making the pastes, cement and water, from which pats, tests of 
setting, and briquettes are made, is exceedingly important, and affects 
vitally the results obtained. The determination consists in measuring 
the amount of water required to reduce the cement to a given state of 
plasticity, or to what is usually designated the normal consistency. 
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Various methods have been proposed for making this determination, 
none of which has been found entirely satisfactory. The Committee 
recommends the following: 

The apparatus for this test consists of a frame K, Fig. 2, bearing 
a movable rod L, with the cap A at one end, and at the other the 
cylinder B, 1 cm. {0.39 in.) in diameter, tlie cap, rod, and cylinder 
weighing 300 gr, {10.58 oz.). The rod, which can be held In any 



Fig. !!. Apparatua lor Testing Normal ConslsteDcf of Cement. 

desired position by a screw F, carries an indicator, which moves 
over a scale {graduated to centimeters) attached to the frame K. 
The paste is held by a conical, hard-rubber ring I, 7 cm. (2.76 in.) 
in diameter at the base, 4 cm. {1.57 in.) high, resting on a glass 
plate J about 10 cm. (3.94 in. square). 

In making the determination, the same quantity of cement as 
will be subsequently used for each batch in making the briquettes 
(but not less than 500 gram.s) is kni'iide<l into a paste, as described 
later in paragntph on "Mixing," juid quickly fonnedinto a ball with 
the hands, completing the ojieration by tossing it six times from one 
hand to the other, maintained 6 inches apart; the ball is then pressed 
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into the rubber ring, through the larger opening, smoothed off, and 
placed (on its large end) on a glass plate and the smaller end smoothed 
o£F with a trowel; the paste confined in the ring, resting, on the plate, 
is placed under the rod bearing the cylinder, which is brought in 
contact with the surface and quickly released. 

The paste is of normal consistency when the cylinder penetrates 
to a point in the mass 10 mm. (0.39 in.) below the top of the ring. 
Great care must be taken to fill the ring exactly to the top. The 
trial pastes are made with varying percentages of water until the cor- 
rect consistency is obtained. The Committee has recommended, as 
normal, a paste the consistency of which is rather wet, because it 
believes that variations in the amount of compression to which the 
briquette is subjected in moulding are likely to be less with such a 
paste. Haying determined in this manner the proper percentage 
of water required to produce a paste of normal consistency, the proper 
percentage required for the mortars is obtained from an empirical 
formula. The Committee hopes to devise a formula. The sub- 
ject proves to be a very <liflScult one, and, although the Committee 
has given it much study, it is not yet prepared to make a definite 
recommendation. 

Note, The Committee on Standard Specifications for Cetnent 

inserts the following table for temporary use to be replaced by one 

to be devised by the Committee of the American Society of Civil 

Engineers. 

TABLE I 

Percentas:e of Water for Standard Sand Mortars 



Pekcentage 


One Cement 


Pekcentage 


One Cement 


Percentage 


One Cement 


OF Watek 


Thbee 


OF Watbb 


Three 


OF Water 


Three 


FOR 


Stan DA ap 


FOR 


Standard 


FOR 


Standard 


Neat Cbhbnt 


Ottawa Sand 


Neat Cement 
23 


Ottawa Sand 
9.3 


Neat Cement 


Ottawa Sand 


15 


8.0 


81 


10.7 


16 


8.2 


24 


9.5 


32 


10.8 


17 


8.3 


25 


9.7 


33 


11.0 


18 


8.5 


26 


9.8 


84 


11.2 


19 


8.7 


27 


10.0 


35 


11.5 


20 


8.8 


28 


10.2 


36 


11.6 


21 


9.0 


29 


10.3 


37 


11.7 


22 


9.2 


30 


10.5 


38 


11.8 




1 1 to 1 


i 1 to 2 


1 to 3 


1 to 4 


1 to 5 


Cemeat 


500 


333 


250 


1 200 


167 


Sand 


; 600 


, 666 


750 


800 


833 



Time of Setting. The object of this test is to determine the 
time which elapsed from the moment water is added until the paste 
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ceases to be fluid and plastic (called the "initial set"), and also the 
time required for it to acquire a certain degree of hardness (called 
the "final" or "hard set"). The former of these is the more important, 
since, with the commencement of setting, the process of crystalliza- 
tion or hardening is said to begin. As a disturbance of this process 
may produce a loss of strength, it is desirable to complete the opera- 
tion of mixing and moulding or incorporating the mortar into the 
work before the cement begins to set. It is usual to measure arbi- 
trarily the beginning and end of the setting by the penetration of 
weighted wires of given diameters. 

For this purpose the Vicat Needle, which has already been de- 
scribed, should be used. In making the test, a paste of normal consist- 
ency is moulded and placed under the rod L, Fig. 2, as described in a 
previous paragraph. This rod bears the cap D at one end and the 
needle H, 1 mm. (0;039 in.) in diameter, at the other, and weighs 
300 gr. (10.58 oz.). The needle is then carefully brought in contact 
with the surface of the paste and quickly released. The setting is 
said to have commenced when the needle ceases to pass a point 5 mm. 
(0.20 in.) above the upper surface of the glass plate, and is said to 
have terminated the moment the needle does not sink visibly into 
the mass. 

The test pieces should be stored in moist air during the 
test; this is accomplished by placing them on a rack over water con- 
tained in a pan and covered with a damp cloth, the cloth to be kept 
away from them by means of a wire screen ; or they may be stored 
in a moist box or closet. Care should be taken to keep the needle 
clean, as the collection of cement on the sides of the needle retards 
the penetration, while cement on the point reduces the area and 
tends to increase the penetration. The determination of the time of 
setting is only approximate, being* materially affected by the tem- 
perature of the mixing water, the temperature and humidity of the 
air during the test, the percentage of water used, and the amount 
of moulding the paste receives. 

The following approximate method, not requiring the use of 
apparatus, is sometimes used, although not referred to by the Com- 
mittee. Spread cement paste of the proper consistency on a piece 
of glass, having the cement cake about three inches in diameter and 
about one inch thick at the center, thinning towards the edges. When 
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9 



the cake is hard enough to bear a gentle pressure of the finger nail, 
the cement has begun to set, and when it is not indented by a con- 
siderable pressure of the thumb nail, it is said to have set. 

The Conmiittee recommends that it shall develop initial set in 
not less than thirty minutes, but must develop hard set in not less 
than one hour, nor more than ten hours. 

Standard Sand. The Committee recognizes the grave objec- 
tions to the standard quartz now generally used, especially on account 
of its high percentage of voids, the diflSculty of compacting in the 
moulds, and its lack of uniformity; it has spent much time in investi- 




ng. 8. Form of Briquette. 

gating the various natural sands which appeared to be available and 
suitable for use. For the present, the Committee recommends the 
natural sand from Ottawa, 111., screened to pass a sieve having 20 
meshes per linear inch and retained on a sieve having 30 meshes per 
linear inch; the wires to have diameters of 0.0165 and 0.0112 inches, 
respectively, i.e., half the width of the opening in each case. Sand 
having passed the No. 20 sieve shall be considered standard when 
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2 . 

not more than one per cent passes a No. 30 sieve after one minute 
continuous sifting of a 50(>-gram sample. 

Form of Briquette. While the form of the briquette recom- 
mended by a former Committee of the Society is not wholly satis- 
factory, this Committee is not prepared to suggest any change, other 
than rounding off the comers by curves of ^-inch radius, Fig. 3. 

Moulds. The moulds should be made of brass, bronze, or some 
equally non-corrodible material, having sufficient metal in the sides 
to prevent spreading during moulding. 

Gang moulds, which permit moulding a number of briquettes 
at one time, are preferred by many to single moulds; since the greater 




A 



Fig. 4. Gang Moulds. 

quantity of mortar that can be mixed tends to produce greater uni- 
formity in the results. The type shown in Fig. 4 is recommended. 
The moulds should be wiped w4th an oily cloth before using. 

Mixing. All proportions should be stated by weight; the quan- 
tity of water to be used should be stated as a percentage of the dry 
material. The metric system is recommended because of the con- 
venient relation of the gram and the cubic centimeter. The tem- 
perature of the room and the mixing water should be as near 21° 
Cent. (70° Fahr.) as it is practicable to maintain it. The sand and 
cement should be thoroughly mixed dry. The mixing should -be 
done on some non-absorbing surface, preferably plate glass. If the 
mixing must be done on an absorbing surface it should be thoroughly 
dampened prior to use. The quantity of material to be mixed at 
one time depends on the number of test pieces to be made; about 
1000 gr. (3o.2S oz.) makes a convenient quantity to mix, especially 
by hand methods. 

The material is weighed and placed on the mixing table, and a 
crater formed in the center, into which the proper percentage of 
clean water is poured; the material on the outer edge is turned into the 
crater by the aid of a trowel. As soon as the water has been absorbed, 
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which should not require more than one minute, the operation is 
completed by vigorously kneading with the hands for an additional 
li minutes, the process being similar to that used in kneading dough. 
A sand-glass affords a convenient guide for the time of kneading. 
During the operation of mixing the hands should be protected by 
gloves, preferably of rubber. 

Moulding. Having worked the paste or mortar to the proper 
consistency, it is at once placed in the moulds by hand. The moulds 
should be filled at once, the material pressed in firmly with the fingers 
and smoothed off with a trowel without ramming; the material should 
be heaped up on the upper surface of the mould, and, in smoothing off, 
the trowel should be drawn over the mould in such a manner as to 
exert a moderate pressure on the excess material. The mould should 
be turned over and the operation repeated. A check upon the uni- 
formity of the mixing and moulding is afforded by weighing the bri- 
quettes just prior to immersion, or upon removal from the moist 
closet. Briquettes which vary in weight more than 3 per cent from 
the average should not be tested. 

Storage of the Test Pieces. During the first 24 hours after 
moulding, the test pieces should be kept in moist air to prevent them 
from diying out. A moist closet or chamber is so easily devised that 
the use of the damp cloth should be abandoned if possible. Covering 
the test pieces with a damp cloth is objectionable, as commonly used, 
because the cloth may dry out unequally, and, in consequence, the 
test pieces are not all maintained under the same condition. Where 
a moist closet is not available, a cloth may be used and kept uni- 
formly wet by immersing the ends in water. It should be kept from 
direct contact with the test pieces by means of a wire screen or some 
similar arrangement. 

A moist closet consists of a soapstone or slate box, or a metal- 
lined wooden box: the metal lining being covered with felt and this 
felt kept wet. The bottom *of the box is so constructed as to hold 
water, and the sides are provided with cleats for holding glass shelves 
on which to place the briquettes. Care should be taken to keep 
the air in the c'.osct uniformly moist. After 24 hours in moist air the 
lest pieces for longer periods of time should be immersed in water 
maintained as near 21° Cent. (70° Fahr.) as practicable; they may 
be stored in tanks or pans, which should be of non-corrodible material. 
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Tensile strength. The tests may be made on any standard 
machine. A solid metal clip, as shown in Fig. 5, is recommended. 
This clip is to be used without cushioning at the points of contact 
with the test specimen. The bearing at each point of contact should 
be J-inch wide, and the distance between the center of contact on the 

same clip should be IJ inches. Test pieces 
should be broken as soon as they are removed 
from the water. Care should be observed in 
centering the briquettes in the testing machine, 
as cross-strains, produced by improper center- 
ing, tend to lower the breaking strength. The 
load should not be applied too suddenly, as it 
may produce vibration, the shock from which 
often breaks the briquette before the ultimate 
strength is reached. Care must be taken that 
the clips and the sides of the briquette be clean 
and free from grains of sand or dirt, which 
would prevent a good bearing. The load should 
be applied at the rate of 600 lbs. per minute. 
The average of the briquettes of each sample 
tested should be taken as the test, excluding 
any results which are manifestly faulty. 
The minimum requirements for tensile strength for briquettes 
one inch square in section shall be within the following limits, and 
shall show no retrogression in strength within the periods specified : 

MINIMUM STRENGTH OF BRIQUETTES 




y^jsJ 




Pig. 5. Metal Clip for 

Testing Tensile 

Strength. 



Agb 



Strength 



NEAT CEMENT 

24 hours in moist air. 150-200 lbs. 

7 days (1 day in moist air, 6 days in water) 450-550 ** 

28 days (1 day in moist air, 27 days in water) 550-050 

ONE PART CEMENT, THREE PARTS SAND 

7 days (1 day in moist air, 6 days in water) 150-200 

28 days (1 day in moist air, 27 days in water) 2{)0-o00 



(C 



it 
u 



Constancy of Volume. The object is to develop those qualities 
which tend to destroy the strength and durability of a gement. As 
it is highly essential to determine such qualities at once, tests of this 
character are for the most part made in a verj' short time, and are 
known, therefore, as accelenited tests. Failure is revealed by crack- 
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ing, checking, swelling, or disintegration, or all of these phenomena. 
A cement which remains perfectly sound is said to be of constant 
volmne. 

Methods. Tests for constancy of volmne are divided into two 
classes: 

(1) Normal tests, or those made in either air or water maintained 
at about 21° Cent. (70° Fahr.). 

(2) Accelerated tests, or those made in air, steam, or water at a 
temperature of 45° Cent. (115° Fahr.) and upward. The test pieces 
should be allowed to remain 24 hours in moist air before immersion 
in water or steam, or preservation in air. For these tests, pats, 
about 7i cm. (2.95 in.) in diameter, IJ cm. (0.49 in.) thick at the 
center, and tapering to a thin edge, should be made, upon a clean 
glass plate [about 10 cm. (3.94 in.) square], from cement paste of 
normal consistency. 

Normal Test. A pat is immersed in water maintained as near 
21° Cent (70° Fahr.) as possible for 28 days, and observed at inter- 
vals. A similar pat is maintained in air at ordinary temperature 
and observed at intervals. 

Accelerated Test. A pat is exposed in any convenient way in 
all atmosphere of steam, above boiling water, in a loosely closed 
vessel, for 3 hours. 

To pass these tests satisfactorily, the pats should remain firm 
and hard, and show no signs of cracking, distortion, or disintegration. 
Should the pat leave the plate, distortion may be detected best with 
a straight-edge applied to the surface which was in contact with the 
plate. In the present state of our knowledge it cannot be said that 
cement should necessarily be condemned simply for failure to pass 
the accelerated tests; nor can a cement be considered entirely satis- 
factoiy, simply because it has passed these tests. 

Testing Machines. There are many varieties of testing machines 
on the market. Many engineers have" constructed "home-made" 
machines which serve their purpose with sufiicient accuracy. One 
very common type of machine is illustrated in Fig. 6. B is a reser- 
voir containing shot which falls through the pipe I which is closed 
with a valve at the bottom. The briquette is carefully placed be- 
tween the clips, as shown in the figure, and the wheel P is turned 
until the indicators are in line. The hook lever Y is moved so that 
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■ a screw worm is engaged with its gear. Then open the automatic 
valve J so as to allow the shot to run into the cup F. By means 
of a small valve the flow of shot into the cup may be regulated. 
Better results will Be obtained by allowing the shot to run slowly 
into the cup. The crank is then turned with just sufficient speed 
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SO that the scale beam is held in position until the briquette is broken. 
Upon the breaking of the briquette, the scale beam falls and auto- 
matically closes the valve J. The weight, of the shot in the cup F 
then indicates, according to some definite ratio, the stress required 
to break the briquette. 

Sand. Specifications for concrete usually state that the sand 
shall be clean, coarse, and sharp; free from clay, loam, sticks, organic 
matter, or other impurities. A mixture of coarse and fine grains, 
with the coarse grains predominating, is found very satisfactoiy as 
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it makes a denser and stronger concrete with a less amount of cement 
than when coarse-grained sand is used with the same proportion of. 
cement. The small grains of sand fill the voids caused by the coarse 
grains so that there is not as great a volume of voids to be filled by 
the cement. The sharpness of sand can be determined approxi- 
mately by rubbing a few grains in the hand or by crushing it near 
the ear and noting if a grating sound is produced; but an examina- 
tion through a small lens is better. 

Experiments have shown that round grains of sand have less 
voids than angular ones, and that water-worn sands have from 3 per 
cent to 5 per cent less voids than corresponding sharp grains. In 
many parts of the country where it is impossible, except at a great 
expense, to obtain the sharp sand, the rounded grain is used with 
very good results: Laboratory tests made under conditions as nearly 
as possible identical show that the rounded-grain sand gives as 
good results as the sharp sand. In consequence of such tests^ the 
requirement that sand shall be sharp is now considered useless by 
many engineers, especially when it leads to additional cost. 

In all specifications' for concrete work is found the clause that 
"the sand shall be clean." This requirement is sometimes ques- 
tioned as experimenters have found that a small percentage of clay 
or loam often gives better results than when clean sand is used. 
**Lean" mortar may be improved by a small percentage of clay or 
loam, or by using dirty sand, for the fine material increases the 
density. In rich mortars this fine material is not needed, as the 
cement furnishes all the fine material necessary, and if clay or loam 
or dirty sand were used it might prove detrimental. Whether it 
is really a benefit or not depends chiefly upon the richness of the 
concrete and the coarseness of the sand. Some idea of the cleanli- 
ness of sand may be obtained by placing it in the palm of one hand 
and rubbing it with the fingers of the other. If the sand is dirty, 
it will badly discolor the palm of the hand. When it is found neces- 
sary to use dirty sand the strength of the concrete should be tested. 

Sand containing loam or earthy material is cleansed by wash- 
ing with water, either in a machine specially designed for the pur- 
pose, or by agitating the sand with water in boxes provided with 
holes to permit the dirty water to flow away. 

Very fine sand may be used alone, but it makes a weaker con- 
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Crete than either coarse sand or coarse and fine sand mixed. A 
mortar consisting of very fine sand and cement will not be so dense 
as one of coarse sand and the same cement, although when measured 
or weighed dry, each contain the same proportion of voids and 
solid matter. In a unit measure of fine sand there are more grains 
than in a unit meaisure of coarse sand, and therefore more points 
of contact. More water is required in gauging a mixture of fine 
sand and cement than in a mixture of coarse sand and the same 
cement. The water forms a film and separates the grains, thus 
producing a larger volume having less density. 

The screenings of broken stone are sometimes used instead 
of sand. Tests frequently show a stronger concrete when screenings 
are used than when sand is used. This is perhaps due to the vari- 
able sizes of the screenings, which would have a less percentage 
of voids. 

Stone. The stone used in concrete should be hard and durable, 
such as trap, granite, lime stone, sand stone or a conglomerate. 
Lime stone should not be used as a fireproofing materialas heat 
will calcinate it. Trap rock and gravel are perhaps the best stone 
for fireproof purposes. Crushed stone should have . all the dust 
removed by a J-inch screen, although it may be replaced again as a 
part of the sand. If the product from the crusher is shown by fre- 
quent sampling to be uniform, the dust may be retained in place of 
a corresponding amount of sand. 

The maximum size of stone usually permitted in plain concrete 
is 2i inches, and in reinforced concrete | inch, although in some 
reinforced concrete structures 1 inch stone is permitted.- Some- 
times specifications state that the stone to be used shall be screened 
to a practically uniform size, while other specifications state that 
the stone shall be of graduated sizes so that the smaller shall fit into 
the voids between the larger so that less mortar is required. A 
single size of broken stone has a greater tendency to form arches 
while being rammed into place, than stone of graded sizes. The 
graded stone makes a denser, stronger, and more economical con- 
crete. Usually in graded stone for reinforced concrete the stones 
vary in size from J inch to f or 1 inch and in plain concrete from 
J inch to 2i inches. 

Gravel. When gravel is used instead of stone, or is mixed with 
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stone, it should be composed of clean pebbles free from clay or 
other materials. A film of dirt on the gravel lessens the strength 
of the concrete. Graded round gravel contains a smaller percentage 
of voids than angular stones and makes a dense concrete which 
compares very well with stone concrete. The greater density of 
the gravel concrete tends to overcome the slight difference in strength 
due to the varying character of the surfaces of the particles of the 
gravel and the broken stone. Sometimes it is economical to mix 
a small percentage of gravel with broken stone. 

Cinders* Cinders for concrete should be free from coal or 
soot. Usually a better mixture can be obtained by screening the 
fine stuff from the cinders and then mixing in a larger proportion 
of sand, than by using unscreened material, although if the fine 
stuff is uniformly distributed through the mass, it may be used 
without screening and a less proportion of sand used. 

As shown later the strength of cinder concrete is far less than 
that of stone concrete and on this account it cannot be used where 
high compressive values are necessary. But on account of its very 
low cost compared with broken stone, especially under some con- 
ditions, it is used quite commonly for roofs, etc., on which the loads 
are comparatively small. 

One possible objection to the use of cinders lies in the fact that 
they frequently contain sulphur and other chemicals which may 
produce corrosion of the reinforcing steel. In any structure where 
the strength of the concrete is a matter of importance, cinders should 
not be used without a thorough inspection and even then the unit 
compressive values allowed should be at a very low figure. 

Proportions of Concrete. When large and important struc- 
tures are to be built, or wherr the concrete is to be water tight, it 
pays from an economical standpoint to make a thorough study of 
the material of the aggregates and their relative proportions. The 
proportions below will serve as a guide for various classes of work, 

A rich mixture, proportions 1:2:4, that is 1 barrel (4 bags) 
packed Portland cement (as it comes from the manufacturer), 2 
barrels (7.6 cubic feet) loose sand, and 4 barrels (15.2 cubic feet) 
loose stone, is used in arches, reinforced concrete floors, beams and 
columns for heavy loads, engine and machine foundations sub- 
ject to vibrations, tanks, and for water-tight work. 
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A medium mixture, proportions 1 : 2^ : 5, that is, 1 barrel 
(4 bags) packed Portland cement, 2} barrels (9.5 cubic feet) loose 
sand, and 5 barrels (19 cubic feet) loose gravel or stone, may be 
used in arches, thin walls, floors, beams, sewers, sidewalks, founda- 
tions, and machine foundations. 

An ordinary mixture, proportions 1 : 3 : 6, that is, 1 barrel 
(4 bags) packed Portland cement, 3 barrels (11.4 cubic feet) loose 
sand, and 6 barrels (22.8 cubic feet) loose gravel or broken stone, 
may be used for retaining walls, abutments, piers, floor slabs, and 
beams. 

A lean mixture, proportions 1 : 4 : 8, that is, 1 barrel (4 bags) 
packed Portland cement, 4 barrels (15.2 cubic feet) loose sand, and 
8 barrels (30.4 cubic feet) loose gravel or broken stone, may be 
used in large foundations supporting stationary loads, backing for 
stone masonry, or where it is subject to a plain compressive load. 

These proportions must not be taken as always being the most 
economical to use, but they represent average practice. Cement 
is the most expensive ingredient; therefore a reduction of the quan- 
tity of cement, by adjusting the proportions of the aggregate so as 
to produce a concrete with the same density, strength, and imper- 
meability, is of great importance. By careful proportioning and 
workmanship water-tight concrete has been made of a 1:3:6 
mixture. In floor construction where the span is very short and 
it is specified that the slab must be at least 4 inches thick, while with 
a high grade concrete a 3-inch slab would carry the load, it is cer- 
tainly more economical to use a leaner concrete. 

The method often used in determining the voids in stone and 
in sand, by finding the quantity of water that can be poured into 
the voids of a unit measure of stone or sand and then taking that 
amount of sand or cement as the amount required to fill the voids 
in the stone or sand, is not satisfactory. The greatest inaccuracy 
of this method is due to the difference in compactness of the ma- 
terials under varied methods of handling, and to the fact that the 
actual volume of voids in a coarse material may not correspond to 
the quantity of sand required to fill the voids. The grains of sand 
separate the stone and with most aggregates a portion of the sand 
is too coarse to get in the voids of the coarser material. That is, 
in a mass of crusher-run broken stone many of the individual voids 
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are so small that the larger grain of natural bank sand will not fit 
into them, but will get between the stones and increase the bulk 
of the mass. This increase in bulk means that more sand is required 
than the actual volume of voids in the coarse material. 

An accurate and simple method to determine the proportions 
of concrete is by trial batches. The apparatus consists of a scale 
and a cylinder which may be a piece of wrought iron pipe 10 inches 
to 12 inches in diameter capped at one end. Measure and weigh 
the cement, sand, stone, and water and mix on a piece of sheet steel, 
the mixture having a consistency the same as to be used in the work. 
The mixture is placed in the cylinder, carefully tamped, and the 
height to which the pipe is filled is noted. The pipe should be 
weighed before and after being filled so as to check the weight of 
the material. The cylinder is then emptied and cleaned. Mix 
up another batch using the same amount of cement and water, 
slightly vaxying the ratio of the sami and stone but having the same 
total weight as before. Note the height in the cylinder, which 
will be a guide to other batches to be tried. Several trials are made 
until a mixture is found that gives the least height in the cylinder, 
and at the same time works well while mixing, all the stones being 
covered with mortar, and which makes a good appearance. This 
method gives very good results, but it does not indicate the changes 
in the physical sizes of the sand and stone so as to secure the most 
economical composition as would be shown in a thorough mechan- 
ical analysis. 

There has been much concrete work done where the propor- 
tions were selected without any reference to voids, which has given 
much better results in practice than might be expected. The pro- 
portion of cement to the aggregate depends upon the nature of the 
construction and the required degree of strength, or water-tightness, 
as well as upon the character of the inert materials. Both strength 
and impen'iousness increase with the proportion of cement to the 
aggregate. Richer mixtures are necessary for loaded columns, 
beams in building construction and arches, for thin walls subject 
to water pressure, and for foundations laid under water. The 
actual measurements of materials as actually mixed and used usually 
show leaner mixtures than the nominal proportions specified. This 
is lai^ely due to the heaping of the measuring boxes. 
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TABL,E II 
Proportions of Cement, Sand, and Stone In Actual Structures 



Structure 



C. B. & Q. R. R. 

Reiuforced Concrete Culverts 

Phila. Rapid Transit Co. 

Floor Elevated Roadway 

u.,K«T«^ j Walls 

Subway {Floors 

0« X . R* R. 

Arch Rings, 

Piers and Abutments 



Hudson River Tunnel Caisson 

Stand Pipe at Attleboro, Mass. 
Heigiit, 106 feet. 

C.C.& St.L.R.R.,Danville Arch 

Footings 

Arch Rings 

Abutments, Piers 

N. Y, C. & H. R. R. R. 
Ossining \^^l^« 

American Oak Leather Co. 
Factory at Cincinnati, Ohio. 

Harvard University Stadium. . 

New York Subway 

Roofs and Sidewalks 

Tunnel Arches 

Wet Foundation 2' th. or less 
" " exceeding 2' 

Boston Subway 



P. & R. R. R. 

Arches 

Piers and Abutments. 



Brooklyn Navy Yd. Laboratory 
Col umns 



Proportidns 



1:3:6 

1:3:6 

1:2.5:5 

1:3:6 

1:3:5 
1:4:7 

1:2:4 

1:2:4 



l:4:8orl:9.5 



1:2:4 

1:3:6 or 1:6.6 



1:4:7.6 

1:3:6 

1:2:4 



1:2:4 
1:3:6 



1:2:4 
1:2.6:6 
1:2:4 
1:2.5:5 

1:2.5:4 



1:2:4 
1:3:6 



Reference 



Engr. Cont., Oct. 3, '06 
Sept. 26, '06 



(( 



Cement Era, Aug. '06 
Eng. Record, Sept. 29, '06 

" 29, '06 



(t 



(( 



u 



March 3. '06 



(4 



H 



<l 



3, »06 



(( 



ti 



IC 



3, '03 



(( 



(( 



Oct. 13, '06 



Beams and Slabs 1:3:5 '* ♦* 

Roof Slab 1:3:5 Cinder 



;1:2 :3Traprock Eng. News, March 23, '05 



Southern Railway 
Arches 



1:2:4 



Piers and Abutments 1:2.5 : 5 



Methods of Mixing Concrete. The method of mixing con- 
crete is immaterial, if a homogeneous mass is secured of a unifonn 
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consistency, containing the cement, sand, and stone in the correct 
proportions. The value of the concrete depends greatly upon the 
thoroughness of the mixing. The color of the mass must be uni- 
form, every grain of sand and piece of the stone should have cement 
adhering to everj' point of its surface. 



TABLE III 

• Barrels off Portland Cement Per Cubic Yard of Mortar 

(Voids in Sand Being 35 per cent and 1 Bbl. Cement Yielding 3.65 Cubic 

Feet of Cement Paste.) 



Pboportion op Cbment to Sand 



BbL Bpecified to be 3.5 cu. ft. 

a a «i 3g u 

a u a 4Q it 

(t tt (1 4 4 (( 



Cu. yds. sand percu. yd. mortar. . 



1:1 


1:1.5 


1:2 


1:2.5 


1:3 


Bbls. 


Bbls. 


Bbls. 


Bbls. 


Bbls. 


4.22 


8.49 


2.97 


2.57 


2.28 


4.09 


8.83 


2.81 


2.45 


2.16 


4.00 


3.24 


2.73 


2.36 


2.08 


3.81 


3.07 


2.57 


2.27 


2.00 


0.6 


0.7 


0.8 


0.9 


1.0 



1:4 



Bbls. 
1.76 
1.62 
1.54 
140 

1.0 



TABLE IV 

Barrels of Portland Cement Per Cubic Yard of Mortar 

(Voids in Sand Being 45 per cent and 1 Bbl. Cement Yieiding3.4 Cubic 

Feet of Cement Paste.) 



Proportion of Cement to Sand 

Bbl. specified to be 3.5 cu. ft 

** ** " 3,8 ** 

i< (I *^ 4 '* 

a u a A A n 

Tt. * • • . • • 



Cu. yds. sand per cu. yds. mortar. 



1:1 


1:1.5 


1:3 


1:2.5 


1:3 . 


Bbls. 


Bbls. 


Bbls. 


Bbls. 


Bbls. 


4.62 


3.80 


8.25 


2.84 


2.35 


4.32 


3.61 


3.10 


2.72 


2.16 


4.19 


3.46 


8.00 


2.64 


2.05 


3.94 


3.34 


2.90 


2.57 


1.86 


, 0.6 


0.8 


0.9 


1.0 


1.0 



1:4 



Bbls. 
1.76 
1.62 
1.54 
1.40 

1.0 



TABLE V 

Ingredients in 1 Cubic Yard off Concrete 

(Sand Voids, 40 per cent; Btoue Voids, 45 per cent; Portland Cement Barrel 
Yielding 3.65 cu. ft. Paste. Barrel specified to be 3.8 cu. ft.) 



Proportions by Volume 



1:2:4 



Bbls. cement per. cu. yd. concrete 
Cu. yds. sand 
stone 



a 



CI 



4( 



Proportions by volume , 

Bbls. cement per cu. yd. concrete 
Cu. yds. sand 
stone 



u 






(( 
(( 



1.46 
0.41 
0.82 



1:3: 5 



1.13 
0.48 
O.SO 



1:2:5 



1.30 
0.36 
0.90 

1:3:6 

1.05 
0.44 

0.S8 



1:2:6 'l: 2.5 : 51:2.5 : 6 ' 1:3:4 



1.18 1.13 1.00 

0.33 0.40 0.35 

1.00 0.80 0.84 

1:3:71:4:7 1:4:8 

0.96 \ 0.82 0.77 

0.40 0.46 0.43 

0.93 0.80 0.86 



1.25 
0.53 
0.71 



0.73 
0.41 
0.92 



This table is to be used when cement is measured packed in the bar- 
rel, for the ordinary barrel holds 3.8 cu. ft. 
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TABLE VI 

Ing:redieiits in 1 Cubic Yard of Concrete 

(Sand Voids, 40 per cent; Stone Voids, 45 per cent; Portland Cement Barrel 
Yielding 3.65 cu. ft. of Paste. Barrel specified to be 4.4 cu. ft.) 



Pbopobtions by Volume 



Bbls. cement per cu. yd. concrete. 
Cu. yds. sand ** " 

stone 



4( 



tl 



H 



Proportions by volume 



Bbls. cement per cu. yd. concrete. . 
Cu. yds. sand " " 

stone 



(i 



II 



it 



1:2:4 

l'30 
0.42 
0.84 




0.64 
0.42 
0.95 



This table is to be used when the cement is zneasured loose, after 
dumping it into a box, for under such conditions a barrel of cement yields 
4.4 cu. ft. of loose cement. 

[Tables II to VI have been taken from Gillette's Handbook of Cost Data.] 

The two methods used in mixing concrete are by hand and 
by machinery. Good concrete may be made by either method. 
Concrete mixed by either method should be carefully watched by 
a good foreman. If a large quantity of concrete is required it is 
cheaper to mix it by machinery. On small jobs where the cost 
of erecting the plant and the interest and depreciation, divided 
by the number of cubic yards to be made, is a large item, or if fre- 
quent moving is required, it is very often cheaper to mix the con- 
crete by hand. The relative cost of the two methods usually depends 
upon circumstances, and must be worked out in each individual case. 

Hand Mixing. The placing and handling of materials and 
arranging the plant is varied by different engineers and contractors. 
In general the mixing of concrete is a simple operation but should 
be carefully watched by an inspector. He should see: 

(1) That t]ie exact amount of stone and sand are measured out. 

(2) That the cement and sand are thoroughly mixed. 

(3) That the mass is thoroughly mixed. 

(4) That the proper amount of water is used. 

(5) That care is taken in dumping the concrete in place. 

(6) That it is thoroughly rammed. 

The mixing platform, w^hich is usually 10 to 20 feet square, 
is made of 1-inch or 2-inch plank planed on one side and well nailed 
to stringers, and should be placed as near the work as possible, but 
so situated that the stone can be dumped on one side of it and the 
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sand on the opposite side. A very convenient way to measure the 
stone and sand is by the means of bottomless boxes. These boxes 
are of such a size that they hold the proper proportions of stone 
or sand to mix a batch of a certain amount. Cement is usually 
measured by the package, that is by the barrel or bag, as they con- 
tain a definite amount of cement. 

The method used for mixing the concrete has little effect upon 
the strength of the concrete, if the mass has been^tumed a sufficient 
number of times to thoroughly mix them. One of the following 
methods is generally used. (Taylor and Thompson's Ca/icrete.) 

(a) Cement and sand mixed dry and shoveled on the stone or 
gravel, leveled off, and wet as the mass is turned. 

(b) Cement and sand mixed dry, the stone measured and dumped 
on top of it, leveled ofi*, and wet, as turned with shovels. 

(c) Cement and sand mixed into a mortar, the stone placed on top 
of it and the mass turned. 

(d) Cement and sand mixed with water into a mortar which is 
shoveled on the gravel or stone and the mass turned with shovels. 

(e) Stone or gravel, sand, and cement spread in successive layers, 
mixed sligiitly and shoveled into a mound, water poured into the center, 
and the mass turned witii shovels. 

The quantity of water is regulated by the appearance of the 
concrete. The best method of wetting the concrete is by measur- 
ing the w^ater in pails. This insures a more uniform mixture than 
by spraying the mass with a hose. 

Mixing by Machinery. On Lirge contracts the concrete is 
generally mixed by machinery. The economy is not only in the 
mixing itself but in the appliances introduced in handling the raw 
materials and the mixed concrete. If all materials are delivered 
to the mixer in wheel-barrows, and if the concrete is conveyed away 
in wheel-barrows, the cost of making concrete is high, even if machine 
mixers are used. If the materials are fed from bins by gravity 
into the mixer, and if the concrete is dumped from the mixer into 
cars and hauled away, the cost of making the concrete should be 
very low. On small jobs the cost of maintaining and operating 
the mixer will usually exceed the saving in hand labor and will 
render the expense with the machine greater than without it. 

The design of a plant for handling the material and concrete, 
and the selection of a mixer, depend upon local conditions, the 
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amount of concrete to be mixed per day, and the total amount required 
on the contract. It is very evident that on large jobs it pays 
to invest a large sum in machinery to reduce the number of men 
and horses, but if not over 50 cubic yards are to be deposited per 
day the cost of the machinery is a big item and hand labor is gen- 
erally cheaper. The interest on the plant must be charged against 
the number of cubic yards of concrete; that is, the interest on the 
plant for a year must be charged to the number of cubic yards of 
concrete laid in a year. The depreciation of the plant is found by 
taking the cost of the entire plant when new, and then appraising 
it after the contract is finished, and dividing the difference by the 
total cubic yards of concrete laid. This will give the depreciation 
per cubic yard of concrete manufactured. 

Concrete Mixers. The best concrete mixer is the one that 
turns out the maximum of thoroughly mixed concrete at the minimum 
of cost for power, interest, and maintenance. The type of mixer 
with a complicated motion gives better and quicker results than 
one w^ith a simpler motion. There are two general classes of con- 
crete mixers; continuous mixers and bcUch mixers* A continuous 
mixer is one into which the materials are fed constantly and from 
which the concrete is discharged constantly. BcUch mixers are con- 
structed to receive the cement with its proportionate amount of 
sand and stone all at one charge, and when mixed it is discharged 
in a mass. A very distinct line cannot be drawn between these 
two classes, for many of these mixers are adapted to either con- 
tinuous or batch mixing. Generally batch mixers are preferred, 
as it is a very difficult matter to feed the mixers uniformly unless 
the materials are mechanically measured. 

Continuous mixers usually consist of a long screw or pug mill, 
that pushes the materials along a drum until they are discharged 
in a continuous stream of concrete. Where the mixers are fed 
with automatic measuring devices the concrete is not regular as there 
is no reciprocating motion of the materials. In a paper recently 
read before the Association of American Portland Cement Manu- 
facturers byS. B. Newberry, he states: "For the preparation of 
concrete for blocks in which thorough mixing and use of an exact 
and uniform proportion of water are necessary, continuous mixing 
machines are unsuitable, and batch mixers, in which a measured 
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batch of the material is mixed the required time, aad then discharged, 

are the only type which will be found effective." 

There are three general types of concrete mixers: gravity 

mixers, rotary mixers, and paddle mixers. 

Gravity mixers are the oldest type of concrete mixers. Tliey 
require no power, the 
materials being mi.\e(l 
by striking obstructions 
which throw them to- 
gether in their <lesccnt 
through the machine. 
'ITieir construction is 
very'simple. Fig. 7 illus- 
trates a portable gravity 
mixer. This mixer, as 
will be seen by the fig- 
ure, is a steel trough or 
shoot in which are con- 
tained mixing members 
consisting of pins or 
blades. The mixer is 
portable and requires no 
skilled labor to operate 
it. There- is nothing to 
get out of order or cause 
► delays. It is adapted 
for both large and small 
jobs. In the former 
case, it i.s usually fed by 
measure and by this 
method will produce 
concrete as fa.st as the 
materials can be fc<l to 
their respective bins anil 

Fig. T. PorUWe Oravltr Miier. , , '^ , 

the mixe<l concrete can 
be taken from the di.scharge end of the mixer. On verj' small jobs, 
the best way to operate is to measure the batch in layers of atone, sand, 
and cement respectively and feed to the mixer by men with shovels. 
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There are two spray pipes placed on tlie mixer: for feeding 
by hand one spray only would be used; the other spray is only in- 
tended for use when operating with the measure and feeder, and a 
large amount of water is required. These sprays are operated by 
hanilles which control two gate valves and regulate the quantity 
of water which flows from the spray pipes. 

These mixers are made in two styles, sectional and non-sectional. 
The sectional can be made either 4, 6, or 8 feet long. The non- 
sectional are in one length of 6, 8, or 10 feet. Both are constructed 
of |-inch steel. To operate this mixer, the materials must be raised 
to a platform, as shown in Fig, 8. 

Rotary mixers, Fig. 9, gener- 
ally consist of a cubical box made 
of steel and mounted on a wooden 
frame. Thissteel boxissupported 
by a hollow shaft through two 
diagonally opposite comers and 
the water is supplied through 
openings in the hollow shaft. 
Materials are droppeil in at the 
side of the mixer through a hinged 
door. The machine is then re- 
volved several times, usually 
about 15 times, the door is 
opened, and the concrete is 
pig. 8. operotion of Portable oravitj- dumped out into carts OF cars. 
There are no paddles or blades of 
any kind inside the box to a.ssist in the mixing. This mixer is not 
expensive itself, but the erection of the frame and the hoisting of the 
stone and sand often render it less economical than some of the more 
expensive devices. 

Rotating mixers which contain reflectors or blades. Fig, 10, 
are usually mounted on a suitable frame by the manufacturers. The 
rotating of the drum tumbles the material and it is thrown against 
the mixing blades which cut it and throw it from side to side. Many 
of these machines can be filled and dumped while running, either 
by tilting or by their shutes. Fig. 10 illustrates the Smith mixer 
and Fig. 11 gives a sectional view of the drum and shows the arrange- 
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ment of tlic biailes. This mixer is furnished on skids with driving 
pulley. The concrete is discharged by tilting the drum, which is 
done by power. 

Fig. 12 represents a Ransome mi.\er which is a batch mixer. 
The concrete is dischai^ed after it is mixed, without tilting the body 
of the mixer. It revolves continuously even while the concrete is 



PlR. 0, Rotary Mixer wiih Cubk^al Hon. 

being dischai^l. Riveted t:> the insiile of the drum is a number of 
steel scoops or blades. "These scoops pick up the materia! in the 
bottom of the mixer, and, as t!ie mixer revolves, carrj- the material 
upward until it slides out of the scoops" and therefore assists in mixing 
the materials. 

Fig. 13 represents a McKelvey batch mixer. In this mixer, the 
level on the drum operates the discharge. The drum is fed and dis- 
chai^ed while in motion and docs not change its direction or' its 
position in either feeding or discharging. The inside of tlie drum is 
provided with blades to assist in the mixing of the concrete. 

Paddle mixers may be either continuous or of the batch type. 
Mixing paddles, on two shafts, revolve in opposite directions and the 
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concrete falls through a trap door in the bottom of the machine. In 
the continuous type the materials should lie put in at the upper end 



Raniiuiuu Buwti K 



SO as to be partially mixed dry. The water is supplied near the 
middle of the mixer. Fig. 14 represents a type of the paddle mixer. 
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Automatic Measures for Concrete Materials. Mechanical 
measuring macliinery for concrete materials liave not been very 
extensively developed. One difficulty is that they require the con- 
slant attention of an attendant unless the materials are perfectly 
uniform. If the machine is adjusted for sand with a certain per- 
centage of moisture and tlien is suddenly supplied with sand having 
greater or less moisture, the adjustment must be changed or the mix- 
ture will not be uniform. If the attendant does not watch the con- 
dition of tlie materials very closely, the proportions of the ingredients 
will vary greatly from what they should. 



Paddle Mixer. 



"The Tntmp measuring device, shown in Fig. 15, consists of 
a horizontal revolving table on which rests the material to be measured 
and a stationary knife set above the tsible and pivoted on a vertical 
shaft outside the circumference. The knife can be adjusted to extend 
a proper distance into the material and peel off, at each revolution of 
the table, a certain amount which falls into the shoot. The material 
peeled off is replaced from the supply contained in a bottomless stor- 
age cylinder somewhat smaller in diameter than the table and revolving 
with it. The depth of the cut of the knife is adjusted by swin^ng 
the knife around on its pivot, so that it extends a greater or less dis- 
tance into the material. The swing is controlled by a screw attached 
to an arm cast as part of the knife. A micrometer scale with pointer 
indicates the position of the knife. When it is desired to measure off 
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and mix three materials, the machines are made witli three tables set 
one above the other and mounte<I on the same spindle so that they 
revolve together. Each table has its own storage cylinder above it, 
the cylinders being placed one within the other as shown by Fig. 16." 
Wetness of Concre e. The plasticity of concrete may be divided 
into three classes: dry, medium,, and very wet. 



FlK. IS. Trump Measurtna Device. 

Dry concrete is iise<l in foundations which may be subjected to 
severe compression a few weeks after being placed. It should not be 
placed in layers of more than S inches and should be thoroughly 
rammed. In a drj' mixture the water will just flush to the surface 
only when it i^ thoroughly tamped. A dry mixture .s<'ts and will 
support a load much sixiner than if a wetter mixture is used, and 
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generally Is only used where the load is to be applied soon after the 
concrete is placed. This mixture requires more than ordinaiy care 
in ramming as pockets are apt to be formed, and one argument 
against it is the difficulty of getting a uniform product. 

Medium concrete will quake when rammed and lias a con- 



Flg. 16. Interior View of Tminp Concreie Mlier. 
sistency of liver or jelly. It is adapted for mass concrete, such as 
retaining walls, piers, foundations, arches, abutments, and some- 
times for reinforced concrete. 

A Very Wet mixture of concrete will run off a shovel unless it 
is handled veiy quickly. An ordinary rammer will sink into it of 
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its own weight. It is suitable for reinforced concrete, such as thin 
walls, floors, coliunns, tanks, and conduits. 

Within the last few years there has been a marked change in 
the amount of water used in mixing concrete. The dry mixture has 
been superseded by a medium or very wet mixture, often so wet as 
to require no ramming whatever. Experiments have shown that dry 
mixtures give better results in short time tests and wet mixtures in long 
time tests. In some experiments made on dry, medium, and wet 
mixtures it was found that the medium mixture was the most dense, 
wet next, and dry least. This experimenter concluded that the medium 
mixture is the most desirable, sinoe it will not quake in handling, 
but will quake under heavy ramming. He found medium 1 per cent 
denser than wet and 9 per cent denser than dry concrete; he con- 
siders thorough ramming important. 

Concrete is often used so wet that it will not only quake but flow 
freely, and after setting it appears to be very dense and hard, but 
some engineers think that the tendency is to use far too much rather 
than too little water, but that thorough ramming is desirable. In 
thin walls very wet concrete can be more easily pushed from the 
surface so that the mortar can get against the forms and give a smooth 
surface. It has also been found essential that the concrete should 
be wet enough so as to flow under and around the steel reinforcement 
so as to secure a good bond between the steel and concrete. 

Following are the specifications (1903) of the American Rail- 
way Engineering and Maintenance of Way Association : 

"The concrete shall be of such consistency that when dumped 
in place it will not require tamping; it shall be spaded down and 
tamped sufficiently to level off and will then quake freely like jelly, 
and be wet enough on top to require the use of rubber boots by 
workman." 

Transporting and Depositing Concrete. Concrete is usually 
deposited in layers of 6 inches to 12 inches in thickness. In handling 
and transporting concrete care must be taken- to prevent the separa- 
tion of the stone from the mortar. The usual method of trans- 
porting concrete is by wheel-barrows, although it is often handled by 
cars and carts, and on small jobs it is sometimes carried in buckets. 
A very common practice is to dump it from a height of several feet 
into a trench. Many engineers object to this process as they claim 
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Fig. 17 Rammer 

for Dry Concrete. 

(Shoe Inches 

square.) 



that the heavy and light portions separate while falling and the con- 
crete is therefore not uniform through its mass, and they insist that 
it must be gently slid into place. A wet mixture is much easier to 

handle than a dry mixture, as the stone will not so 
readily separate from the mass. A very wet mixture 
has been deposited from the top of forms 43 feet 
high and the structure was found to be waterproof. 
On the other hand, the stones in a dry mixture will 
separate from the mortar on the slightest provoca^ 
tion. Where it is necessary to drop a dry mixture 
several feet, it should be done by means of a chute 
or pipe. 

Ramming Concrete. Immediately after con- 
crete is placed, it should be rammed or puddled, 
care being taken to force out the air-bubbles. The 
amount of ramming necessary depends upon how 
much water is used in mixing the concrete. If a 
very wet mixture isused, there is danger of too much 
ranmiing, which results in wedging the stones together and forcing 
the cement and sand to the surface. The chief object in ramming 
a very wet mixture is simply to expel the bubbles of air. 

The style of rammer ordinarily used depends 
on whether a dry, medium, or very Wet mixture is 
used. A rammer for dry concrete is shown in 
Fig. 17; and one for wet concrete, in Fig. 18. In 
very thin walls, where a wet mixture is used, often 
the tamping or puddling is done with ^ part of 
a reinforcing bar. A common spade is often em- 
ployed for the face of work, being used to push 
back stones that may have separated from the 
mass, and also to work the finer portions of the 
mass to the face, the method being to work the 
spade up and down the face until it is thoroughly 
filled. Care must be taken not to pry with the 
spade, as this will spring the forms unless they 
are very strong. 

Bonding Old and New Concrete. To secure a water-tight joint 
between old and new concrete, requires a great deal of care. Where 
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Fig. 18. Rammer for 
Wet Concrete. 
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the strain is chiefly compressive, as in foundations, the surface of the 
concrete laid on the previous day should be washed with clean water, 
no other precautions being necessary. In walls and floors, or where 
a tensile stress is apt to be applied, the joint should be tlioroughly • 
washed and soaked, and then painted with neat cement or a mixture 
of one part cement and one part sand, made into a very thin mortar. 

In the construction of tanks or any other work that is to be 
water-tight, in which the concrete is not placed in one continuous 
operation, one or more square or V-shaped joints are necessary. 
These joints are formed by a piece of timber, say 4 inches by 6 inches, 
being imbedded in the surface of the last concrete laid each day. 
On the following morning, when the timber is removed, the joint is 
washed and coated with neat cement or 1 : 1 mortar. The joints may 
be either horizontal or vertical. The bond between old and new con- 
crete may be aided by roughening the surface after ramming or be- 
fore placing the new concrete. * 

Effects of Freezing of Concrete. Many experiments have been 
made to determine the effect of freezing of concrete before it has a 
chance to set. From these and from practical experience, it is now 
generally accepted that the ultimate effect of freezing of Portland 
cement concrete is to produce only a surface injury. The setting 
and hardening of Portland cement concrete is retarded, and the 
strength at short periods is lowered, by freezing; but the ultimate 
strength appears to be only slightly, if at all, affected. A thin scale 
about iV i^ch in depth is apt to scale off from granolithic or concrete 
pavements which have been frozen, leaving a rough instead of a 
troweled wearing surface; and the effect upon concrete walls is often 
similar; but there appears to be no other injury. Cohcrete' should 
not be laid in freezing weather, if it can be avoided, as this involves 
additional expense and requires greater precautions to be taken; 
but with proper care, Portland cement concrete can be laid at almost 
any temperature. 

The heating of the material hastens the setting of the cement, 
and also keeps it above the freezing point for a longer period. Salt 
lowers the freezing point of water, and when used in moderate 
quantities does not appear to affect the ultimate strength of the con- 
crete. Authorities differ on the amount of salt that may be used; 
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but from four to ten pounds to each barrel of cement will not decrease 
the strength of the concrete. 

Finish. To give a satisfactory finish to exposed surfaces of con- 
crete is rather a diflScult problem. Usually, when the forms are taken 
down, the surface of the concrete shows the joints, knots, and grain 
of the wood. It has more the appearance of a piece of rough car- 
pentry work than of finished masonry. 
Some special treatment is therefore nec- 
essary. Plastering is not usually success- 
ful, although there are cases where -a 
mixture of equal parts of cement and sand 
have apparently been successful. Where 
finished rough, it did not show hair- 
cracks; but when finished smooth, it did 
show them. In constructing the Harvard 
University Stadium, care was taken, after 
the concrete was placed in the forms, to 
force the stones back from the face and 
permit the mortar to cover every stone. 
When the forms were removed, the sur- 
face was picked with a tool as shown in 
Fig. 19. A pneumatic tool has also been 
adopted for this purpose. 

The number of square feet to be picked per day, depends on the 
hardness of the concrete. If the picking is performed by hand, it is 
done by a common laborer; and he is expected to cover, on an average, 
about 50 square feet per day of ten hours. With a pneumatic tool, 
a man would cover from 400 to 500 square feet per day. 

Several concrete bridges in Philadelphia have been finished 
according to the following specifications; and their appearance is very 
satisfactory: 

"Granolithic surfacing, where required, shall be composed of 1 part 
cement, 2 parts coarse sand or gravel, and 2 parts granolithic grit, made into 
a stiff mortar. Granolithic grit shall be granite or trap rock, crushed to 
pass a ^-inch sieve, and screened of dust. For vertical surfaces, the mixture 
shall be deposited against the face forms to a minimum thickness of 1 inch, 
by skilled workmen, as the placing of the concrete proceeds; and it thus 
forms a part of the body of the work. Care must be taken to prevent the 
occurrence of air-spaces or voids in the surface. The face shall be removed 
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Fig. 19. Pick for Facing 
Concrete. 
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as soon as the concrete has sufficiently hardened; and any voids that may 
appear shall be filled with the mixture. The surface shall then be immedi- 
ately washed with water until the grit is exposed and rinsed clean, and shall 
be protected from the sun and kept moist for three days. For bridge-seat 
courses and other horizontal surfaces, the granolithic mixture shall be 
dep>08ited on the concrete to at least a thickness of l}-inches, immediately 
after the concrete has been tamped and before it has set, and shall be troweled 
to an even surface, and, after it has set sufficiently hard, shall be washed 
until the grit is exposed." 

A very satisfactory finish for a ten-span reinforced concrete 
viaduct on the Utica & Mohawk Railway, was produced in the follow- 
ing manner: For a hard wall, the surface was wet, and a thin 1:2 
mortar was applied wdth a brush. The surface was then thoroughly 
rubbed with a piece of grindstone or carborundum, removing all 
broad marks and filling all pores, and producing a lather on the 
surface of the concrete; and before this had time to dry, it was gone 
over with a brush dipped in water, producing a smooth, even, and 
uniform color. For a greei. wall, when the forms were removed in 
less than seven days, the surface was wet, and a thin grout of pure 
cement was applied with a brush; the surface was then rubbed with 
a piece of grindstone or carborundum, and finished in the same 
manner as above described. This method has been used by other 
railroad companies also, on similar work; and the results have been 
found exceedingly satisfactory. 

The following method has been adopted by the New York Cen- 
tral Railroad for giving a good finish to exposed concrete surfaces: 
The forms of 2-inch tongued-and-grooved pine were coated with soft 
soap, all openings in the joints of the forms being filled with hard 
soap. The concrete was then deposited, and, as it progressed, was 
drawn back from the face with a square-pointed shovel, and 1:2 
mortar poured in. along the forms. When the forms were removed, 
and while the concrete was green, the surface was rubbed, with a 
circular motion, with pieces of white firebrick or brick composed of 
one part cement and one part sand. The surface was then dampened 
and painted with a 1 :1 grout, rubbed in, and finished with a wooden 
float, leaving a smooth and hard surface when dry. 

Floors and walks are often finished with a 1-inch coat of cement 
and sand, or of cement, sand, and grit, which is usually mixed in 
the proportions of 1 part cement and 1 part sand, or of 1 part cement ^ 
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1 part sand, and 1 part grit. (See Fig. 20.) This finishing coat 
must be put on before the concrete of the base sets. The cement 
and sand must be tliorouglily mixed while dry, so as to have a uniform 
color. 

In office buildings, and generally in factory buildings, a wooden 
floor is Iai<l over the concrete. Wooden stringers are first laid on 



. CoDcreto Sidewalk and Curb. 



the concrete, about 2 to 2\ feet apart. The stringers are 2 inches 
thick and 3 inches wide o;i top, with sloping e<lges. The space 
between the stringers is filleii with cinder concrete, as shown in Fig. 
21, usually mixed 1:4:8. AMien the concrete has set, tlie flooring is 
nailed to the stringers. 

The following metho;! of placing mortjir facing has been found 
very satisfactory, and has been adopted \ery extensively in the last 




few years: A sheet-iron plate 6 or 8 inches wide and about 5 or 6 
feet long, has riveted across it on one side angles of |-inch size or such 
othersizcasmay be necessary to give the desired tliickness cf mortar 
facing, these angles being spaced about two feet apart. In operation, 
the ribs of the angles arc placed against the fonn.s; and the space be- 
tween the plate and forms is filled with mortar, which is mixed in 
small batches, and thoroughly tamped. The concrete back filling is 
then placed; the mold is withdrawn; and the facing and back filling 
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are rammed together. The mortar facing is mixed in the proportion 
of one part cement, to 1, 2, or 3 parts sand; usually a 1 : 2 mixture is 
employed, mixed wet and in small batches as used. As mortar facing 
shows the roughness of the forms more readily than concrete does, 
care is required in constructing, to secure a smooth finish. When 
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Fig. 23. Mold for Mortar Facing. 

the forms are removed, the face may be treated e'.ther in the manner 
already described, or according to the following method taken from 
the "Proceedings" of the American Railway Engineering and Main- 
tenance of Way Association: 

"After the forms are removed, any small cavities or openings in the 
concrete shall be filled with mortar if necessary. Any ridges due to cracks or 
joints in the lumber shall be rubbed down; the entire face shall be washed 
with a thin grout of the consistency of whitewash, mixed in the proportion 
of 1 part cement to 2 parts of sand. The wash shall be applied with a brush." 

Concrete surfaces may be finished to represent ashlar masonry. 
The process is similar to stone-dressing; and any of the forms of 
finish employed for cut stone can be used for concrete. Very often, 
when the surface is finished 
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to represent ashlar masonry, 
vertical and horizontal 
three-sided pieces of wood 
are fastened to the forms to 
make V-shaped depressions 
in tlie concrete, as shown in 
Fig. 23. 

A facing of stone or 
brick is frequently used for 
reinforced concrete, and is a very satisfactory solution of the problem 
of finish. The same care is required with a stone or brick facing 
as if the entire structure were stone or brick. The Ingjillq Building 

Rt Cinciiw^ti, ^\^^^ IQ stork?, ig ven^^mi on the outside with ni«rbl9 



Fig. 23. Concrete Molding. 
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to a height of three stories, and with brick and terra-cotta above the 
third stoiy. Exclusive of the facing, the wall is 8 inches thick. 

Water-tightness of Concrete. Water-tight concrete, or concrete 
made water-tight by some kind of waterproof coating, is frequently 
required, either for inclosing a space which must be kept dry, or for 
storing water or other liquids. 

It is generally considered that in monolithic construction, a wet 
mixture, a rich concrete, and an aggregate proportioned for great 
density, are essential for water-tightness. With the wet mixtures of 
concrete oow generally used in engineering work, concrete possesses 
far greater density, and is correspondingly less porous, than with the 
older, dryer mixtures. At the same time, in the large masses of actual 
work, it is difficult to produce concrete of such close texture as to 
prevent undesirable seepage at all points. Many efforts have been 
made to secure water-tightness of concrete in a practical manner — 
some with success, but others with unsatisfactory results. There 
are now a great many special preparations being advertised for 
making concrete water-tight. 

It has frequently been observed that when concrete was green, 
there was a considerable seepage through it, and that in a short time 
absolutely all seepage stopped. Some experiments have been made 
to render porous concrete impermeable, by forcing water through a 
rich concrete under pressure. In these experiments, a mixture of 
1 part Portland cement to 4 parts crushed gravel was used. The 
concrete tested was 6 inches thick. The flow through the concrete 
on the first day of the experiment, under a pressure of 36 pounds 
per square inch, was taken as 100 per cent. On the forty-sixth day, 
under a pressure of 48 pounds per square inch, the flow amounted 
to only 0.7 per cent. • 

While the pressure was constant, the rate of seepage of the water 
decreased with the lapse of time, showing a marked tendency of the 
seepage passages to become closed. The experimenter is of the opin- 
ion tliat the water, under pressure, dissolves some of the material 
and then deposits it in stalactitic form near the exterior surface of the 
concrete, where the water escapes under much reduced pressure. 
Others, however, think it quite possible that fine material carried 
in sus'pension by the water aids in producing the result. 

For cfetern work, two coats of Portland cement grout — 1 part 
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cement, 1 part sand — ^applied on the inside, have been found sufficient. 
About one inch of rich mortar has usually been found effective under 
high pressure. A coating of asphalt, or of asphalt with tarred or 
asbestos felt, laid in alternate layers between layers of concrete, has 
been used successfully. Coal-tar pitch and tarred felt, laid in alter- 
nate layers, have been used extensively and successfully in New York 
City for waterproofing. 

Mortar may be made practically non-absorbent by the addition 
of alum and potash soap. One per cent by weight of powdered alum 
is added to the dry cement and sand, and thoroughly mixed; and 
about one per cent of any potash soap (ordinary soft soap) is dissolved 
in the water used in the mortar. A solution consisting of 1 pound of 
concentrated lye, 5 pounds of alum, and 2 gallons of water, applied 
while the concrete is green and until it lathers freely, has been suc- 
cessfully used. Coating the surface with boiled linseed oil until 
the oil ceases to be absorbed, is another method that has been used 
with success. 

A reinforced concrete water-tank, 10 feet inside diameter and 
43 feet high, designed and constructed by W. B. Fuller at Little Falls, 
N. J., has some remarkable features. It is 15 inches thick at the 
bottom and 10 inches thick at the top. The tank was built m eight 
hours, and is a perfect monolith, all concrete being dropped from 
the top, or 43 feet at the beginning of the work. The concrete was 
mixed very wet, the mixture being 1 part cement, 3 parts sand, and 
7 parts broken stone. No plastering or waterproofing of any kind 
was used, but the tank was found to be absolutely water-tight, 
although the mixture used has not generally been found or considered 
water-tight. 

At Attleboro, Mass., a large reinforced concrete standpipe, 50 
feet in diameter, 106 feet high from the inside of the bottom to the 
top of the cornice, and with a capacity of 1,500,000 gallons, has been 
constructed, and is in the service of the water works of that city. 
The walls of the standpipe are 18 inches thick at the bottom, and 8 
inches thick at the top. A mixture of 1 part cement, 2 parts sand, 
and 4 parts broken stone, the stone varying from \ inch to 1 J inches, 
was used. The forms were constructed, and the concrete placed, in 
sections of 7 feet. When the walls of the tank had been completed, 
there was some leakage at the bottom with a head of water of 100 
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feet. The inside walls were then thoroughly cleaned and picked , 
and four coats of plaster applied. The first coat contained 2 per 
cent of lime to 1 part of cement and .1 part of sand; the remaining 
three coats were composed of 1 part sand to 1 part cement. Each 
coat was floated until a hard, dense surface was produced; ]then it 
was scratched to receive the succeeding coat. 

On filling the standpipe after the four coats of plaster had been 
applied, the standpipe was found to be not absolutely water-tight. 
The water was drawn out; and four coats of a solution of castile soap, 
and one of alum, were applied alternately; and, under a 100-foot head, 
only a few leaks then appeared. Practically no leakage occurred 
at the joints; but in several instances a mixture somewhat wetter 
than usual was used, with the result that the spading and ramming 
served to drive the stone to the bottom of the batch being placed, 
and, as a consequence, in these places porous spots occurred. The 
joints were obtained by inserting beveled tonguing pieces, and by 
thoroughly washing the joint and covering it with a layer of thin 
grout before placing additional concrete. 

In the construction of the filter plant at Lancaster, Pa., in 1905, 
a pure-water basin and several circular tanks were constructed of 
reinforced concrete. The pure-water basin is 100 feet wide by 200 
feet long and 14 feet deep, with buttresses spaced 12 feet 6 inches 
center to center. The walls at the bottom are 15 inches thick, and 
12 inches thick at the top. Four circular tanks are 50 feet in diameter 
and 10 feet high, and eight tanks are 10 feet in diameter and 10 
feet high. The walls are 10 inches thick at the bottom, and 
6 inches at the top. A wet mixture of 1 part cement, 3 parts sand, 
and 5 parts stone, was used. No waterproofing material was used, 
and the basin and tanks are water-tight. 

Forms. In actual construction work, the cost of forms is a large 
item of expense, and offers the best field for the exercise of ingenuity. 
For economical work, the design should consist of a repetition of 
identical units; and the forms should be so devised that it will require 
a minimum of nailing to hold them, and of labor to make and handle 
them. Forms are constructed of the cheaper grades of lumber. 
To secure a smooth surface, the planks are planed on the side on 
which the concrete will be placed. Green lumber is preferable to 

di7i a« it 19 le§^5 affected by wet concrete, If the surface of the plankg 
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that are placed next to the concrete are well oiled, the planks can be 
taken down much easier, and, if they are kept from the sun, can be 
used several times. 

Crude oil is an excellent and cheap material for greasing forms, 
and can be applied with a white-wash brush. The oil should be 
applied every time the forms are used. The object is to fill the pores 
of the wood, rather than to cover it with a film of grease. Thin soft 
soap, or a paste made from soap and water, is also sometimes used. 

In constructing a factory building of two or three stories, usually 
the same set of forms are used for the different floors; but when the 
building is more than four stories high, two or more sets of forms are 
specified, so as always to have one set of forms ready to move. 

The forms should be so tight as to prevent the water and thin 
mortar from running through, and thus carrying off the cement. 
This is accomplished by means of tongued-and-grooved or beveled- 
edge boards; but it is often 
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possible to use square lum- 
ber if it is thoroughly wet so 

as to swell it before the pjg ^ Tonpued and Beveled Edge 

concrete is placed. The c^rooved Edge. 
beveled-edge boards are often preferred to tongue-and-grooved 
boards, as the edges tend to crush as the boards swell, and this pre- 
vents buckling. 

Lumber for forms may be made of 1-inch, l^-inch, or 2-inch 
plank. The spacing of studs depends in part upon the thickness of 
concrete to be supported, and upon the tliickness of the boards on 
which the concrete is placed. The size of the studding depends 
upon the height of the wall and the amount of bracing used. Except 
ill very heavy or high walls, 2 by 4-inch or 2 by 6-inch studs are used. 
For ordinary floors with 1-inch plank, the supports should be placed 
about 2 feet apart; with IJ-inch plank, about 3 feet apart; and 
2-inch plank, 4 feet apart. 

The length of time required for concrete to set depends upon the 
weather, the consistency of the concrete, and the strain which is to 
come on it. In good drying weather, and for very light work, it is 
often possible to remove the forms in 12 to 24 hours after placing the 
concrete, if there is no load placed on it. The setting of concrete is 
greatly retarded by cold or wet weather. Forms for concrete archer 



03 



44 



REINFORCED CONCRETE 



and beams must be left in place longer than in wall work, because of 
the tendency to fail by rupture- across the arch or beam. In small, 

circular arches, like sewers, the forms may be 
removed in 18 to 24 hours if the concrete is 
mixed dry; but if wet concrete is used, in 24 
to 48 hours. Forms for lai^ arch culverts 
and arch bridges are seldom taken down in 
less than 14 days; and it is often specified that 
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Fig. 25. Forms for 
Column8. 



they must not be struck for 28 days 
after placing the last concrete. In | ^ 
ordinary floor construction, consisting 
of slabs, girders, and beams, the forms 
are usually left in place at least a week. 
In constructing columns, the forms 
are usually erected complete, the full 
height of the column, and concrete is 
dumped in at the top. The concrete 
must be mixed very wet, as it cannot 
be rammed very thoroughly at the bot- 
tom, and care must be taken not to displace the steel. Sometimes 
the forms are constructed m short sections, and the concrete is 




Fig. 26. Forms for Columns. 
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placed and rammed as the forms are built. The ends of the bottom 
of the forms for the girders and beams, are usually supported by 
the column forms. To give a beveled edge to 
the comer of the columns, a triangular strip is 
fastened in the comer of the forms. 

Fig. 25 shows the common way, or some 
modification of it, of constructing forms for 
column. The plank may be 1 inch, Ih inches, 
or 2 inches thick; and the cleats are usually 
1 by 4 inches and 2 by 4 inches. The spacing 
of the cleats de4)ends on the size of the columns 
and the thickness of the vertical plank. 

Fig. 26 shows column forms similar to those 
used in constructing the Harvard stadium. 
The planks forming each side of the column 
arc fastened together by cleats, and then the 
four sides are fastened together by slotted cleats 
and steel tie-rods. These forms can be quickly 
and easily removed. . 

Fig. 27 shows column ^orms-in which the 
concrete is placed and ranuned as the forms 
are constructed. Three sides are erected to 
the full height, and the steel is then placed. The fourth side is built 
up with horizontal boards as the concrete is placed and rammed. 

A very common style of forms for beam and slab construction 
is shown in Fig. 28. The size of the different members of the forms 




Fig. 27. Forms for 
Columns. 




Fig. 28. Forms for Beams and Slabs. 



depends upon the size of the beams, the thickness of the slabs, 
and the relative spacing of some of the members. If the beam is 
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10 by 20 inches, and the slab is 4 inches thick, then 1-inch plank 
supported by 2 by 6-inch timbers spaced 2 feet apart, will support 
the slab. The sides and lx)ttom of the l>eams are enclosed by 1 J -inch 
or 2-inch plank supported by 3 by 4-inch posts spaced 4 feet apart. 





Fig. 90. Form for Reinforced Concrete Slab 
between I-beams. 



Fig. 29. Forms for Reinforced Concrete Slab Supported by I-beams. 

In Fig. 29 is shown the fomis for a reinforced concrete slab, 
with I-beam construction. These forms are constructed similarly 
to those just described. 

A slab construction , 
supported on I-beams, the 
bottom of which is not cov- 
ered with concrete, may 
have forms constructed as 
shown in Fig. 30. This 
method of constructing 
forms was designed by Mr. 
William F. Kearns (Taylor & Thompson, "Plain and Reinforced 
Concrete"). 

The constniction of forms for a slab that is supported on the top 
of I-beams, is a compara- 
tively simple process, as 
shown in Fig. 31. In any 
form of I-beam and slab 
construction, the forms can 
be constructed to carry the 
combined weight of the con- 
crete and forms. When the bottom of the I-beam is to be covered 
with concrete, it is not so easily done as when the haunch rests on 
the bottom flange (Fig. 30) or is a flat plate (Fig. 31). 
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Flp. 31. Form for Floor Slab on I-beams. 



56 



REINFORCED CONCRETE 



47 



Forms for conduits and sewers must be strong enough not to give 
way under, or to become deformed, while the concrete is being placed 
and rammed, and must be rigid enough not to warp from being 
alternately wet and dry. They must be constructed so that they 
can readily be put up and taken 
down and can be used several 
times on the same job. The 
forms must give a smooth and 
even finish to the interior of the 
sewer or conduit. This has been 
accomplished on several jobs by 
covering the forms with light- 
weight sheet iron. 

These forms are usually built 
in lengths of 16 feet, with one 
center at each end, and with three 
to five (depending on the size of 
the sewer or conduit) intermedi- 
ate centers in the lengths of 15 feet. The segmental ribs are bol'cd 
together. The plank for these forms are made of 2 by 4-inch ma- 
terial, surfaced on the outer side, with the edge beveled to the 
radius of the conduit. The segmental ribs are bolted together, and 
are held in place by wooden ties 2 by 4 inches or 2 by 6 inches. 




Fig. 32. Center for 8- ft. Sewer. 
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REINFORCED CONCRETE 

PART II 



GENERAL THEORY OF FLEXURE IN REINFORCED CONCRETE 

Introduction. The theory of flexure in reinforced concrete is 
exceptionally complicated. A multitude of simple rules, formulae, 
and tables for designing reinforced concrete work have been proposed, 
some of which are suflSciently accurate and applicable under certain 
conditions. But the effect of these various conditions should be 
thoroughly understood. Reinforced concrete should not be designed 
by "rule-of-thumb" engineers. It is hardly too strong a statement 
to say that a man is criminally careless and negligent when he attempts 
to design a structure on which the safety and lives of people will 
depend, without thoroughly understanding the theory on which any 
formula he may use is based. The applicability of all formulae is 
so dependent on the quality of the steel and of the concrete, and on 
many of the details of the design, that a blind application of a formula 
is very unsafe. Although the greatest pains will be taken to make 
the following demonstration as clear and plain as possible, it will be 
necessary to employ symbols, and to work out several algebraic 
formulae on which the rules for designing will be based. The full 
significance of many of the terms mentioned below may not be fully 
understood until several subsequent paragraphs have been studied : 

h « Breadth of concrete beam ; 

d = Depth from compression face to center of gravity of the steel; 
A = Area of the steel ; 

p = Ratio of area of steel to area of concrete above the center of gravity 
of the steel, generally referred to as "percentage of reinforcement," 

A . 

° bd ' 

Et = Modulus of elasticity of steel; 

Ee » Initial modulus of elasticity of concrete; 

E 
r = wr = Ratio of the moduli; 

« 

s = Tensile stress per unit of area in steel ; 
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c = Compressive stress per unit of area in concrete at the outer fiber of the 
beam; this may vary from zero to </; 

c' « Ultimate compressive stress per unit of area m concrete — the stress 
at which failure might be expected ; 

e, « Deformation"per unit of length in the steel; 

€c — " " " " " in outer fiber of concrete ; 

^c = " " " " " in outer fiber of concrete when crushing 

is imminent; 

€*c = Deformation per unit of length in outer fiber of concrete under a cer- 
tain condition (described later); 

q ■» — T = Ratio of deformations : 

A; «= Ratio of depth from compressive face to the neutral axis to the total 
effective depth d\ * 

X « Distance from compressive face to center of gravity of compressive 
stresses ; 

2 X => Summation of horizontal compressive stresses; 

M » Resisting moment of a section. 

Statics of Plain Homogeneous Beams. As a preliminary to the 
theory of the use of reinforced concrete in beams, a very brief dis- 
cussion will be given of the 
statics of an ordinary homo- 
geneous beam. Let A B 
represent a beam carrying 
a unifonnly distributed load 
J — ^ W; then the beam is sub- 
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p. 33 jected to transverse stresses. 

Let us imagine that one- 
half of the beam is a "free body" in space and is acted on by exactly 
the same external forces; we shall also assume the forces C and T 
(acting on the exposed section), which are just such forces as are 
required to keep that half of the beam in equilibrium. 

These forces, and their direction, are represented in the lower 
diagram by arrows. The load W is represented by the series of 
small, equal, and equally spaced vertical arrows pointing downward. 
The reaction of the abutment dgainst the beam is an upward force, 
shown at the left. The forces acting on a section at the center are the 
equivalent of the two equal forces C and T. 

The force C, acting at the top of the section, must- act toward 
the left, and there is therefore compression in that part of the section. 
Similarly, the force T is a force acting toward the right, and the 
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fibers of the lower part of the beam are in tension. For our present 
purpose we may consider that the forces C and T are in each case 
the resultant of the forces acting on a very large number of "fibers." 
The stress in the outer fibers is of course 
greatest. At the center of the height there 
is neither tension nor compression. This 
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is called the "neutral axis." f 

Let us consider for simplicity a very < 
narrow portion of the beam, having the 2 
full length and depth, but so narrow that 
it includes only one set of fibers, one above 

the other, as shown in Fig. 35. In the case of a plain, rect- 
angular, homogeneous beam, the stresses in the fibers would be |is 
given in Fig, 34; the neutral osb would be at the center of the height, 
and the stress at the bottom and the top would be equal but opposite. 
If the section were at the center of the beam, with a uniformly dis- 
tributed load (as indicated in Fig. 33), the "shear" would be zero. 
These general principles have already been explained in "Strength 
of Materials," sections 57-60. 

A beam may be constructed of plain concrete; but its strength 
will be very small, since the tensile strength of concrete is compara- 
tively insignificant. Reinforced concrete utilizes the great tensile 
strength of steel, in combination with the compressive strength of 
concrete. It should be realized that the essential qualities are- 
compTession and tension, and that (other things being equal) the 
cheapest method of obtaining the necessary compression and tension 
is the most economical. 

Economy of Concrete for Compression. 
The ultimate compressive strength of con- 
crete is generally 2,000 pounds or over per 
square inch." With a factor of safety of four, 
aworkingstressof 500 pounds per square inch 
I may be considered allowable We may esti- 

mate that the concrete costs twenty cents per 
Fig. 35. cubic foot, or $5.40 per cubic yard. On the 

other hand, we may estimate that the steel, 
placed in the work, costs about three cents per pound. It will weigh 
480 pounds per cubic foot; therefore the steel costs S14,40 per cuIhc 
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foot, or 72 times as much as an equal volume of concrete or an equal 
cross-section per unit of length. But the steel can safely withstand a 
compressive stress of 16,000 pounds per square inch, which is 32 
times the safe working load on concrete. Since, however, a given 
volume of steel costs 72 times an equal volume of concrete, the cost 
of a given compressive resistance in steel is ^f (or 2.25) times the cost 
of that resistance in concrete. Of course, the above assumed unit 
prices of concrete and steel will vary with circumstances. The 
advantage of concrete over steel for compression may be somewhat 
greater or less than the ratio given above, but the advantage is almost 
invariably with the concrete. There are many other advantages in 
addition, which will be discussed later. 

Economy of Steel for Tension. The ultimate tensile strength of 
ordinary concrete is rarely more than 200 pounds per square inch. 
With a factor of safety of four, this would allow a working stress of 
only 50 pounds per square inch. This is generally too small for 
practical use, and certainly too small for economical use. On the 
other hand, steel may be used with a working stress of 16,000 pounds 
per square inch, which is 320 times that allowable for concrete. 
Using the same unit values for the cost of steel and concrete as given 
in the previous section, even if steel costs 72 times as much as an equal 
volume of concrete, its real tensile value economically is Vj^ (or 4,44) 
times as great. Any reasonable variation from the above unit values 
cannot alter the essential truths of the economy of steel for tension 
and of concrete for compression. In a reinforced concrete beam, 
the steel is placed in the tension side of the beam. Usually it is placed 
from one to two inches from the outer face, with the double purpose 
of protecting the steel from corrosion or fire, and also to better insure 
the union of the concrete and the steel. But the concrete below the 
steel is not considered in the numerical calculations. Even the con- 
crete which is between the steel and the neutral axis (whose position 
will be discussed later), is chiefly useful in transmitting the tension 
in the steel to the concrete. Although such concrete is theoretically 
subject to tension, and does actually contribute its share of the tension 
when the stresses in the beam are small, the proportion of the necessary 
tension which the concrete can furnish when the beam is heavily 
loaded, is so very small that it is usually ignored, especially since such 
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FlK- *5. Transmission of Ten- 
sion in Su*el to Concrete. 



a policy is on the side of safety, and also since it greatly simplifies the 
theoretical calculations and yet makes very little difference in the 
final result. We may therefore consider that in a unit section of the 
beam, as in Fig. 36, the concrete above the neutral axis is subject to 
compression, and that the tension is furnished entirely by the steel. 

Elasticity of Concrete in Compression. In computing the trans- 
verse stresses in a wooden beam or steel I-beam, it is assumed that the 
modulus of elasticity is uniform for all stresses witliin the elastic limit. 
Experimental tests have shown this to be 
so nearly true that it is accepted as a 
mechanical law. This means that if a 
force of 1,000 pounds is required to 
stretch a bar .001 of an inch, it will re- 
quire 2,000 pounds to stretch it .002 of an 
inch. Similar tests have been made with 
concrete, to determine the law of its elas- 
ticity. Unfortunately, concrete is not so 
uniform in its behavior as steel. The 

results of tests are somewhat contradictory. Many engineers have 
ai^ed that the elasticity is so nearly uniform that it may be con- 
sidered to be such within the limits of practical use. But all experi- 
menters who have tested concrete by measuring the proportional 
compression produced by various pressiires, agree that the additional 
shortening produced by an additional pressure of say 100 pounds per 
square inch, is greater at higher pressures than at low pressures. 

A test of this sort may be made substantially as follows: A 
square or circular column of concrete at least one foot long is placed 
in a testing machine. A very delicate micrometer mechanism is 
fastened to the concrete by pointed screws of hardened steel. These 
points are originally at a known distance apart — say 8 inches. When 
tlie concrete is compressed, the distance between these points will be 
slightly less. A very delicate mechanism will permit this distance to 
be measured as closely as the ten-thousandth part of an inch or, to 

about - - of the length. Suppose that the various pressures per 

iUUjUUU 

square inch, and the proportionate compressions, are as given in the 
following tabular form : 
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Pressure per Square Inch 


Proportionate 


Compression 




200 pounds 


.00010 of total 


length 




400 " 


.00020 " 


(( 






600 " 


.00032 " 


*i 






800 " • 


.00045 " 


tt 






1,000 " 


.00058 " 


t( 






. 1.200 " 


.00062 " 


tt 






1,400 " 


.00090 " 


tt 






1,600 " 


.00112 " 


tt 







We may plot these pressures and compressions as in Kg. 37, 
using any convenient scale for each. For example, for a pressure of 
800 pounds per square inch, we select the vertical line which is at the 




* o^ 'ooo sooq 

o Compression in concrete— povinds 

Fig. 37. 



horizontal distance from the origin O of 800, according to the scale 
adopted. Scaling off on this vertical line the ordinate .00045, accord- 
ing to the scale adopted for compressions, we have the position of one 
point of the curve. The other points are obtained similarly. Al- 
though the points thus obtained from the testing of a single block of 
concrete would not be considered suflBcient to establish the law of the 
elasticity of concrete in compression, a study of the curves which may 
be drawn through the series of points obtained for each of a large 
number of blocks, shows that these curves will average very closely 
to parabolas that are tangent to the initial modulus of elasticity, 
which is here represented in the diagram by a straight line nmniug 
diagonally across the figure. 
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It is generally, considered that the axis of the parabola will be a 
horizontal line when the curve is plotted according to this method. 
The position of the vertex of the parabola cannot be considered as 
definitely settled. Professor Talbot has computed the curve as if 
the vertex were at the point of the ultimate compression of the con- 
crete, although he conceded that the vertex might be in an imaginary 
position corresponding to a compression in the conciete higher than 
that which the concrete could really endure. Mr. A. L. Johnson, 
another noted authority, bases his computation of formulae on the 
assumption that the ultimate compressive strength of the concrete 
is two-thirds of the value which would be required to produce that 
amount of compression, in case the initial modulus of elasticity was 
the true value for all compressions. In other words, looking at Fig. 
37, if oc is a line representing the initial modulus of elasticity, then, 
if the elasticity were uniform throughout, it would require a force of 
about 2,340 pounds (or df) to produce a proportionate compression of 
.00132 of the length (represented hyod). Actually that compression 
will be produced when the pressure equals d e, which is f of d /. It 
should not be forgotten that the above numerical values are given 
merely for illustrative purposes. They would, if true, represent a 
rather weak concrete. The following theory is therefore based on the 
assumption that the stress-strain curve is represented by the parabolic 
curve oe (see Fig. 37); and that the ultimate stress per square inch in 
the concrete (/ is represented by d e, which is i of the compressive 
stress that would be required to produce that proportionate com- 
pression if the modulus of elasticity of the concrete were uniformly 
maintained at the value it has for very low pressures. 

Theoretical Assumptions. The theory of reinforced concrete 
beams is based on the usual assumptions that, 

(a) The loads are applied at right angles to the axis of the beam. 
The usual vertical gravity loads supported by a horizontal beam, fulfil this 
condition. 

(b) There is no resistance to free horizontal motion. This condition 
is seldom if ever exactly fulfilled in practice. The more rigidly the beam 
is held at the ends, the greater will be its strength above that computed by 
the simple theory. Under ordinary conditions the added strength is quite 
indeterminate; and is not allowed for, except in the appreciation that it 
adds indefinitely to the safety. 

(c) The concrete and steel stretch together without breaking th^ 
bond between tb^m, This is absolutely essential, 
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(d) Any section of the beam which is plane before bending is plane 
after bending. 

In Fig. 38, is shown, in a very exaggerated form, the essential 
meaning of assimiption d. The section abcdin the unstrained con- 
dition, is changed to the 
plane a' V c' d' when the 
load is applied. The com- 
pression at the top = a a' 
— b v. The neutral axis is 
unchanged. The concrete 
at the bottom is stretched 
an amount = c<f ^ dd\ 
while the stretch in the steel 
equals g g\ The compres- 
"'if sion in the concrete between 

^^' ^' the neutral axis and the top 

is proportional to the distance from the neutral axis. 

In Fig. 39a, is given a side view of the beam, with special refer- 
ence to the deformation of the fibers. Since the fibers between the 
neutral axis and the compressive face are compressed proportionally, 
then, if a a' represents the lineal compression of the outer fiber, the 
shaded lines represent, at the same scale, the compression of the 
intermediate fibers. 




,'Ue-A .';^ 




m 



T 1 

IT 

Kd 



^ Neutral Axis 1 i" 



\ 



In Fig. 396, m n indicates 
the stress there would be in 
the outer fiber if the initial 
modulus of elasticity applied 
to all stresses. But since the 
force required to produce the 
compression a a' is proportion- 
ately so much less than that 
required for the lesser com- 
pressions, the actual pressure 
in pounds on the outer fiber 
may be represented by a line v n, and the pressure on the inter- 
mediate fibers by the ordinates to the curve v N. 

In Fig. 40, a and b, are shown a pair of figures corresponding 
with those of Fig. 39, except that the compressive deformation of the 



Fig. 39. 
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t- yJt£-i^ ^,- 




Fig. 40. 



concrete in the outer fiber a a' is only one-half of the value in Fig. 39. 
But it will require about three-fourths as much pressure to produce 
one-half as much compression. In 
Fig. 40, v' n' is therefore three- 
fourths otvn in Fig. 39. The stu- 
dent should note that k' here differs 
slightly from k, which means that 
the position of the neutral axis va- 
ries with the conditions. 

Summation of the Compressive 
Forces. The summation of the 
compressive forces is evidently in- 
dicated by the area of the shaded portion in Fig. 41. The curve v N 
is a portion of a parabola. The area of the shaded portion between 
the curve vN and the straight line vN, equals one-third of the area 
of the triangle mNy. The area of the triangle vnN=i ckd. 
Tlierefore, for the total shaded area, we have 

Area = \ c kd + ^ (c„— c) i kd, 
= i fcd (c + J Co- J c); 
^ikdiic-hi O. 

But in this case, c^=E\, e^; therefore 

Area = i W (§ c 4- J ^^e, ' (1) 

In Fig. 42 has been redrawn the parabola of 
Fig 37, in which o is the vertex of the parabola. 
Here c" is the force which would produce a com- 
pression of 6/ provided the concrete could endure 
such a pressure without rupture. If the initial 
modulus of elasticity applied to all stresses, the 
required force would be the Une E^ c/. And c" 

= i fie «.". 

It is one of the well-known properties of the 
parabola that abscissas are proportional to tlie 
squares of the oidinates, or that (in this case), 

klimn :: o k : om 

Transforming to the symbols, we have 
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c" — c — c* (1 — 9)', since -\ = g. 



c = c'{l-(l-5)«} ; 
= c* (25 - 9») ; 

= i E^ */ (2? — 2^, since c* = J J5^^ e^"; and also, since 6^"= — 



= £, .,(l-ig) (2) 

Substituting this value of c in Equation (I), we have: 
Area = i ^d { J £:« «c (1 " i ?) + J £« ^f 

■ The summation of the horizontal forces (2 X) within the 
shaded area, is evidently expressed by the above "area" multiplied 
by the breadth of the beam "6." Therefore, 

j:x^i(i-iq)E,e^bkd (3) 

In order to avoid the complication resulting from the attempt 
to develop formulae which are applicable to all kinds of assumptions, 
it will be at once assumed, as previously referred to, that the ultimate 




Fig. 42. 

compressive strength of the concrete is f of the value which would be 
required to produce that amount of compression in case the initial 
modulus of elasticity was the true value for all compressions. The 
practical result of this assumption is that we should always use 
ultimate values for the unit stresses in the steel and the concrete, and 
also that q will have th^ constant value of J. 
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The proof that q will equal | under these conditions, is perhaps deter- 
mined most easily by computing the ratio of 6 A to ^ ^ (see Fig. 42) when o a is 
ass^med to be J of o m. In this case, from the properties of the parabola, a b 

«= J m n ; c' = } m n « { V « f ^^ */• 

But when oa = J of om.gh^ J ^^e^ = J E^t^, 



Therefore c'^ igh. But when o a = i of o m, — ^ = J. 



e" 



Therefore when c' — i gh, q => i. 

It has already been shown that 0^=^ E^ e/, and also tliat 



€. 



€/ = — ^. Therefore i E^ €^=(^q. It has also been shown that c' 

=f c^, or that (f= |c'. Therefore ^ E, €^= | c'q. 

Substituting this value in Equation 3, we have for the summation 
of the compressive forces above the neutral axis under such conditions: 

sx-t(l-ig)gc'6fcd (4) 

Substituting the further condition that g = ), we have 

2X= ^jc'hkd (5) 

Center of Gravity of Compressive Forces. This is al^o called 
the centroid of compression. The theoretical determination of this 
center of gravity is virtually the same as the determination of the 
center of gravity of the shaded area shown in Figs. 40 and 41. The 
general method of determining this center of gravity requires the use 
of differential calculus, and is a very long and tedious calculation. 
But the final result may be reduced to a surprisingly simple form, as 
expressed in the following equation: 
4 -a 

Assuming, as explained above, the value of g = f , this reduces to 

X - .357 kd (6) 

When q equals zero, the value of x equals .333 kd; and, at the other ex- 
treme when q = l,x*^ .375 kd. 

There is, therefore, a very small range of inaccuracy in adopting 
the value otq — § for oH computations. 

Position of the Neutral Axis. According to one of the funda- 
mental laws of mechanics, the sum of the horizontal tensile forces 
must be equal and opposite to the sum of the compressive forces. 
Ignoring the veiy small amount of tension furnished by the concrete 
below the neutral axis, the tension in the steel=il9= pbds .= the 
total compression in the concrete. Therefore, 
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pbd8= ia-ig)^o €ckbd. 

♦ But 8 =» E^€,) therefore, 

E 
But ~ = r, and by proportional triangles, as shown in Fig. 40. 
Ec 

Co €g k 

* or €e = «■ 



kd d-kd* " . ■ 1 - A; • 

Making these substitutions, we have : 

pr = i(l-J?) i^ (7) 

Solving this quadratic for k, we have : 

A (1 - 49) (1 - i9)* (1-4^) ^ 

Equation 8 is a perfectly general equation, which depends for its 
accuracy only on the assumption that the law of compressive stress 
to compressive strain is represented by a parabola. The equation 
shows that k, the ratio determining the position of ihe neutral axis, 
depends on three variables — ^namely, the percentage of the steel (p), 
the ratio of the moduli of elasticities (r), and the ratio of the deforma- 
tions in the concrete (q). These must all be determined more or less 
accurately before we can know the position of the neutral axis. 

On the other hand, if it were necessaiy to work out equation 3, 
as well as many others, for every computation in reinforced concrete, 
the calculations would be impracticably tedious. Fortunately the 
extremo range in k for any one ratio of moduli of elasticities, is 
only a few per cent, even when q varies from to 1. We shall there- 
fore simplify the calculations by using the constant value 5 = J, as 
explained above. 

Substituting q =} in Equation 8, we have 



-V? 



pr + _?1 j^r^- -tpr (9) 

'^ 49 7 



The various values for the ratio of the moduli of elasticity (r) are 
discussed in the succeeding section. The values of k for various 
values of r and p, and for the uniform value of 5 = §, have been com- 
puted in the following tabular form. Four values have been chosen 
for r, in conjunction with nine values of p, varying by 0.2 per cent 
and covering the entire practicable range of p, on the basis of which 
values k has been worked out in the tabular form. Usually the value 



70 



REINFORCED CONCRETE 



61 



of k can be determined directly from the table.. By interpolating 
between two values in the table, any required value within the limits 
of ordinary practice can be determined with all necessary accuracy. 

TABLE VII 
Values of k for Various Values of r and p 













P 










r 


.020 


.018 


.016 


.014 


,012 


.010 


.008 


.006 


.004 


10 
12 
20 
40 


.505 
.536 
.623 
.736 


.487 
.517 
.604 
.718 


.468 
.497 
.583 
.700 


.446 
.475 » 
.561 
.678 


,422 
.450 
.535 
.654 


.395 
.422 
.505 
.623 


.361 
.388 
.465 
.584 


.323 

.348 
.422 
.536 


.274 
.295 
.362 
.467 



Ratio of Moduli. Theoretically there is an indefinite number 
of values of r, the ratio of the moduli of elasticity of the steel and the 
concrete. The modulus for steel is fairly constant at about 29,000,000 
or 30,000,000. The value of the initial modulus for concrete varies 
accordmg to the quality of the concrete, from 1,500,000 to 3,000,000 
for stone concrete. An average value for cinder concrete is about 
750,000. Some experimental values for stone concrete have fallen 
somewhat lower than 1,500,000, while others have reached 4,000,000 
and even more. We may probably use the following values with the 
constant value of 29,000,000 for the steel. 

TABLE VIII 
Modulus of Elasticity of Some Grades of Concrete 



Kind or Concrete 


Mixture 


^c 


r 


Cinder 


1:2:5 
1:6:12 
1:3:6 
1:2:4 


750,000 
1,450,000 
2.400,000 
2,900,000 


40 


firoken Stone 


20 


(< n 


12 


It tt 


10 




AW 



The value given above for 1:6:12 concrete is mentioned only 
because the value r = 20 is sometimes used with the weaker grades of 
concrete, and the value of approximately 1 ,450,000 for the elasticity 
of such concrete has been found by experimenters. The use of such 
a lean concrete is hardly to be recommended, because of its unre- 
liability. Considering the variability in cinder concrete, the even value 
of r = 40 is justifiable rather than the precise value 38.67. 
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in Equation 10, we find that the economical percentage of steel is 
1.21. Interpolating this value of p in Table VII, considering that 
r ^ 10, we have k = .424. Substituting this value of £ in Equation 
6 we find that x = .151 d. In the case of the 5-inch slab, we shall 
assume that the center of gravity of the steel is placed 1 inch from the 
bottom of the slab. Therefore d = 4 inches. For a slab of indefinite 
width, we shall assume that 6=12 inches. Therefore our computed 
value for the ultimate resisting moment, gives the moment of a strip 
of the slab one foot wide, and the computed amount of the steel is the 
amount of steel per foot of width of the slab. 

Substituting these various values in Equation 12, we find as the 
value of the ultimate resisting moment: 

Mo = .0121 X 12 X 4 X 55,000 X .849 X 4 = 108,482 inch-pounds. 

The area of steel required for eachjoot of width is: 

A - .0121 X 12 X 4 = .5808 square inch. 

This equals .0484 square inch per inch of width. Since a J-inch 

square bar has an area of .25 square inch, we may provide the rein- 

25 
forcemeat by using J-inch square bars spaced ~jr\77z = 5.17 inches, 

or, say, 5J inches. 

Example 3. A veiy instructive comparison may be made by 
considering a 5-inch slab with d = 4 inches, but made of 1:3:6 con- 
crete. In this case we call r = 12; c = 2,000; and s (as before) = 
55,000. By the same method as before, we obtain p = .0084; k = 
.395; and therefore x = .141 d. Substituting these values in Equa- 
tion 12y we have: 

Mo = .0084 X 12 X 4 X 55,000 X .859 X 4 = 76,197 inch-pounds. 

The area of steel per foot of width is: 
A - .0084 X 12 X 4 = .4032 square inch. 

This would require ^-inch square bars spaced 7.33 inches. Although 
the amount of steel required in this slab is considerably less than 
was required in the previous case, the ultimate moment of the slab 
is also very much less. In fact the reduction of strength is very 
nearly in proportion to the reduction in the amount of steel. There- 
fore, it must be observed that, although the percentage of steel used 
with high-grade concrete is considerably higher, the thickness of the 
concrete will be considerably less; and in spite of the fact that the 
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percentage of steel may be higher, its absolute amount for a slab of 
equal strength may be approximately the same. 

Example 4. Another instructive principle may be learned by 
determining the required thickness of a slab made of 1:3:6 concrete, 
which shall have the same ultimate strength as the high-grade con- 
crete mentioned in example 2. In other words, its ultimate moment 
per foot of width must equal 108,482 inch-pounds. The values of 
r, c, and s are the same as in example 3, and therefore the value of 
p must be the same as in example 3; therefore p = .0084. Since 
r and p are the same as in example 3, k again equals .395, and there- 
fore X = .141 d. We therefore have from Equation 12: 

Mo = 108,482 = .0084 X 12 X d X 55,000 X .859 X d. 

Solving this equation for d, we find d' = 22.78; and d = 4.77. The 
area of the steel A= pbd = .0084 X 12 X 4.77 = .481. This is 
considerably less than the area of steel per foot of width as computed 
in example 2, tor a slab of equal strength. On the other hand, the 
slab of 1:3:6 concrete will require about 15 per cent more concrete. 
It will also weigh about 10 pounds per square foot more than the 
thinner slab, which will reduce by that amount the permissible live 
load. The determination of the relative economy of the two kinds 
of concrete will therefore depend somewhat on the relative price 
of the concrete and the steel. The difference in the total cost of the 
two methods is usually not large; and abnormal variation in the 
price of cement or steel may be sufficient to turn the scale one way or 
the other. 

Determination of Values for Frequent Use. The above methods 
of calculation may be somewhat simplified by the determi- 
nation, once for all, of constants which are in frequent use. 
For example, a very large amount of work is being done using 1:3:6 
concrete. Sometimes Engineers will use the formulae developed on 
the basis of 1:3:6 concrete, even when it is known that a richer 
mixture will be used. Although such a practice is not economical, 
the error is on the side of safety; and it makes some allowance for the 
fact that a mixture which is nominally richer may not have any greater 
strength than the values used for the 1:3:6 mixture, on account of 
defective workmanship or inferior cement or sand. Some of the 
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constants for use with 1:3:6 mixture and 1:2:4 mixture will now be 
worked out. 

For the 1:3:6 mixture, r = 12;c = 2,000; and we shall assume 
s = 55,000. On the basis of such values, the economical per^ 
centage of steel is .84 per cent. Under these conditions, k will always 
be .395; and x will equal .141 d. Therefore the term (d— x) will 
always equal .859 d, or say, .86 d, which is close enough for a working 
value. Since the above values for c and s represent the ultimate 
values, the resulting moment is the ultimate moment, which we will 
call M. Therefore, for 1:3:6 concrete, we have the constant values: 

Mo = .0084 XbdX 55,000 X .86d 

= 397 6d« I /j,x 

A = .0084 6d 1 ^**'/ 

(d-x) = .sad 

Similarly we can compute a corresponding value for 1:2:4 con- 
crete, using the values previously allowed for this grade: 

Mo «.565 6<?( /4A\ 

A = .01 21 6 d ( ^ / 

(d'X) =.86d 

Numericcd Examples. 1. A flooring with a live load capacity 
of 150 pounds per square foot, is to be constructed on I-beams 
spaced 6 feet from center to center, using 1:3:6 concrete. What 
thickness of slab will be required, and how much steel must be used? 

Answer. Using the approximate estimate, based on experience, 
that such a slab will weigh aboiU 50 pounds per square foot, we can 
compute the ultimate load by multiplying the live load, 150, by four, 
and the dead load, 50, by two, and obtain a total ultimate load of 
700 pounds per square foot. A strip 1 foot wide and 6 feet long 
(between the beams) will therefore carry a total load of 700 X 6 = 
4,200 pounds. Considering this as a simple beam, we have: 

Wo I 4.200 X 6 X 12 
Mo = ~"o~ = g = 37,800 inch-pounds. 

Placing this numerical value of A/^ = 397 6tP, as in Equation 13, we 
have 37,800 = 397 6 d\ In this case, i = 12 inches. Substituting 
this value of 6, we solve for cP, and obtain (P = 7.93, and d = 2.82 
inches. Allowing an extra inch below the steel, this will allow us to 
use a 4-inch slab. Theoretically we could make it a little less. 
Practically this figure should be chosen. The required steel, from 
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Equation 13, equals .0084 bd. Taking 6 = 1, we have the required 
steel per inch of width of the slab = .0084 X 2.82 = .0237 square 
inch. If we use i-inch square bars which have a cross-sectional area 

of ^ square inch, we may space the bars ~^^ = 10 inches. This 

reinforcement could also be accomplished by using ^-inch square 

bars, which have an area of .1406. The spacing may therefore be 

.1406 

09^ = 6.0 inches. As referred to later, there should also be a few 

bars laid perpendicular to the main reinforcing bars, or parallel with 
the I-beams, so as to prevent shrinkage. The required amount of 
this steel is not readily calculable. Since the I-beams are 6 feet 
apart, if we place two lines of f-inch square bars spaced 2 feet apart, 
parallel with the I-beams, there will then be reinforcing steel in a 
direction parallel with the I-beams at distances apart not greater 
than 2 feet, since the I-beams themselves will prevent shrinkage 
immediately around them. 

Table for Slab Computation. The necessity of very frequently 
computing the required thicknesses of slabs, renders very useful a 
table such as is shown in Table IX, which has been worked out on 
the basis of 1 :3:6 concrete, and computed by solving Equation 13 for 
various thicknesses d, and for various spans Ij varying by single feet. 
It should be noted that the loads as given are ultimate loads per square 
foot, and that they therefore include the weight of the slab itself, which 
must be multiplied by its factor of safety, which is usually considered 
as 2. 

For example, in the above numerical case, we computed that 
there would be a total load of 700 pounds on a span of 6 feet. In the 
column headed 6, we find 794 on the same line as the value of 3.0 in 
the column d. This shows that 3.0 is somewhat excessive for tlie 
value of d. We computed its precise value to be 2.82. On the same 
line, we find under "Spacing of Bars," that ^-inch stjuare bars spaced 
5i inches will be sufficient. In the above more precise calculation, 
we found that the bars could be spaced 6 inches apart, as was to be 
expected, since the computed ultimate load is considerably less than 
the nearest value found in the table. 

Example 1. What is the ultimate load that will bo carried by a 
5-inch slab on a span of 10 feet using 1:3:6 concrete? 
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Answer. The 5 inches here represent the total thickness, and 
we shall assume that the effective thickness (d) is 1-inch less. There- 
fore d = 4 inches. On the line opposite d = 4 in Table IX, and 
under the column L = 10, we have 508, which gives the ultimate 
load per square foot. A 5-inch slab will weigh approximately 60 
pounds per square foot, allowing 12 pounds per square foot per inch 
of thickness. Using a factor of 2, we have 120 pounds, which, sub- 
tracting from 508, leaves 388 pounds; dividing this by 4, we have 97 
pounds per square foot as the allowable working load. Such a load 
is heavier than that required for residences or apartment houses. It 
would do for an office building. 

Example 2. The floor of a factory is to be loaded with a live 
load of 300 pounds per square foot, the slab to be supported on beams 
spaced 8 feet apart. What must be the thickness of the floor slab? 

Answer, With 1,200 pounds per square foot ultimate load for 
the live load alone, we notice in Table IX, under Z = 8, that 1,241 is 
opposite to d = 5. This shows that it would require a slab nearly 
6 inches thick to support the live load alone. We shall therefore add 
another half-inch as an estimated allowance for the weight of the 
slab and, assmning that a 6i-inch slab having a weight of 78 pounds 
per square foot will do the work, we multiply 300 by 4, and 78 by 2, 
and have 1,356 pounds per square foot as the ultimate load to be 
carried. Under L = 8, in Table IX, we find that 1,356 comes be- 
tween 1,241 and 1,501, showing tjiat a slab with an effective thickness 
d of about 5J inches w\l\ have this ultimate carrying capacity. . The 
total thickness of the slab should therefore be about 6J inches. The 
table also shows that ^-inch bars spaced about 5f inches apart will 
serve for the reinforcement. We might also provide the reinforce- 
ment by f-inch square bars spaced a little over 3 inches apart; but 
it would probably be better policy to use the half-inch bars, especially 
since the f-inch bars will cost somewhat more per pound. 

Practical Methods of Spacing Slab Bars. It is too much to expect 
of workmen that bars will be accurately spaced when their distance 
apart is expressed in fractions of an inch. But it is a comparatively 
simple matter to require the workmen to space the bars evenly, pro- 
vided it is accurately computed how many bars should be laid in' a 
given width of slab. For example, in the above case, a panel of the 
flooring which is, say, 20 feet wide, should have a definite number of 
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bars, 20 feet = 240 inches, and 240 ^ 5.75 = 41.7. We will call this 
42, and instruct the workmen to distribute 42 bars equally in the panel 
20 feet wide. The workmen can do this without even using a foot- 
rule, and can adjust them to an even spacing with sufficient accuracy 
for the purpose. 

Table for Computation of Simple Beams. In Table X has been 
computed for convenience, the ultimate total load on rectangular 
beams made of average concrete (1 :3:6) and with a width of 1 inch. 
For other widths, multiply hy the width of the beam. Since M^ = 
^W^l; and since by Equation 13, for this grade of concrete, Mq= 
397 bdP; and since for a computation of beams 1 inch wide, 6 = 1, we 
may write ^ W^ Z = 397 cP. For / we shall substitute 12 L. Making 
this substitution and solving for W^, we have W^ = 265 d? -^ L. 
Since 6=1, Ay the area of steel per inch of width of the beam 
= .0084 d. 

Example. What is the ultimate total load on a simple beam 
having a depth of 16 inches to the reinforcement, 12 inches wide and 
having a span of 20 feet? 

Answer. Looking in Table X, under L = 20, and opposite 
d ^ 16, we find that a beam 1 inch wide will sustain a total load of 
3,392 pounds. For a width of 12 inches, the total ultimate load will 
be 12 X 3,392 = 40,704 pounds. At 144 pounds per cubic foot, the 
beam will weigh 3,840 pounds. Using a factor of 2 on this, we shall 
have 7,680 pounds, which, subtracted from 40,704, gives 33,024. 
Dividing this by 4, we have 8,256 lbs. as the allowable live load on 
such a beam. 

Resistance to the Slipping of the Steel in the Concrete. The 
previous discussion has considered merely the tension and compres- 
sion in the upper and lower sides of the beam. A plain, simple beam 
resting freely on two end supports, has neither tension nor compres- 
sion in the fibers at the ends of the beam. TI)e horizontal tension 
and compression, found at or near the center of the beam, entirely 
disappear by the time the end of the beam is reached. This is done 
by transferring tlie tensile stress in the steel at the bottom of the beam, 
to the compression, fibers in the top of the beam, by means of the 
intermediate concrete. This is, in fact, the main use of the concrete 
in the lower part of the beam. 
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It is therefore necessary that the bond between the concrete and 
the steel shall be sufficiently great to withstand the tendency to slip. 
The required strength of this bond is evidently equal to the difference 
in the tension in the steel per unit of length. For example, suppose 
that we are considering a bar 1-inch square in the middle of the length 
of a beam. Suppose that the bar is under an actual tension of 
15,000 pounds per square inch. Since the bar is 1-inch square, the 
actual total tension is 15,000 pounds. Suppose that, at a point 1 inch 
beyond, the moment in the beam is so reduced that the tension in the 
bar is 14,900 pounds instead of 15,000 pounds. This means that the 
difference of pull (100 pounds) has been taken up by the concrete. The 
surface of the bar for that length of one inch, is four square inches. 
This will require an adhesion of 25 pounds per square inch between 
the steel and the concrete, in order to take up this difference of tension. 
The adhesion between concrete and plain bars is usually considerably 
greater than this and there is therefore but little question about the 
bond in the center of the beam. But near the ends of the beam, the 
change in tension in the bar is far more rapid, and it then becomes 
questionable whether the bond is sufficient. 

Although there is no intention to argue the merits of any form 
of patented bar, this discussion would not be complete without a 
statement of the arguments in favor of deformed bars, or bars with 
a mechanical bond, instead of plain bars. The deformed bars have 
a variety of shapes; and since they are not prismatic, it is evident that, 
apart from adhesion, they cannot be drawn through the concrete 
without splitting or crushing the concrete immediately around the 
bars. The choice of form is chiefly a matter of designing a form which 
will furnish the greatest resistance, and which at the same time is not 
unduly expensive to manufacture. Of course, the deformed bars are 
necessarily somewhat more expensive than the plain bars. The 
main line of ailment of those engineers who defend the use of plain 
bars, may be summed up in the assertion that the plain bars are 
"good enough," and that, since they are less expensive tlian deformed 
bars, the added expense is useless. The arguments in favor of a 
mechanical bond, and against the use of plain bars, are based on three 
assertions: 

First: It is claimed that tests have apparently verified the 
assertion that the mere soaking of the concrete in water for several 
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months is suflScient to reduce the adhesion from i to f . If this con- 
tention is true, the adhesion of bars in concrete which is likely to be 
perpetually soaked in water, is unreliable. 

Second: Microscopical examination of the surface of steel, and 
of concrete which has been moulded around the steel, shows that the 
adhesion depends chiefly on the roughness of the steel, and that the 
cement actually enters into the microscopical indentations in the 
surface of the metal. Since a stress in the metal even within the elastic 
limit necessarily reduces its cross-section somewhat, the so-called 
adhesion will be more and more reduced as the stress in the metal 
becomes greater. This view of the case has been verified by recent 
experiments by Professor Talbot, who used bars made of tool steel ^ 
in many of his tests. These bars were exceptionally smooth; and 
concrete beams reinforced with these bars failed generally on account 
of the slipping of the bars. Special tests to determine the bond 
resistance, showed that it was far lower than the bond resistance of 
ordinary plain bars. 

Third: There is evidence to show that long-continued vibration, 
such as is experienced in many kinds of factory buildings, etc., will 
destroy the adhesion during a period of years. Some failures of 
buildings and structures which were erected several years ago, and 
which were long considered perfectly satisfactory, can hardly be 
explained on any other hypothesis. Owing to the fact that there are 
comparatively few reinforced concrete structures which have been 
built for a very long period of years, positive information as to the 
durability and permanency of adhesion is lacking. It must he con- 
ceded, however, that comparative tests of the bond between concrete 
and steel when the bars are plain and when they are deformed (the 
tests being made within a few weeks or months after the concrete is 
made), have comparatively little value as an indication of what that 
bond will be under some of the adverse circumstances mentioned 
above, which are perpetually occurring in practice. Non-partisan 
tests have shown that, even under conditions which are most favorable 
to the plain bars, the deformed bars have an actual hold in the con- 
crete which is from 50 to 100 per cent greater than that of plain bars. 
It IS unquestionable that age will increase rather than diminish the 
relative inferiority of plain bars. 
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Computation of the Bond Required in Bars. From Equation 1 1 
we have the formula that the resisting moment at any point in the 
beam equals the area of the steel, times the unit tensile stress in the 
steel, times the distance from the steel to the centroid of compression 
of the steel, which is the distance d — x. We may compute the 
moment in the beam at two points at a unit distance apart. The 
area of the steel is the same in each equation, and d — x \s sub- 
stantially the same in each case; and therefore the difference of moment, 
divided by {d — x), will evidently equal the difference in the unit 
stress in the steel, times the area of the steel. To express this in an 
equation, we may say, denoting the difference in the moment by 
d M, and the difference in the unit stress in the steel hyds: 

dM 

(a — x) 

But A y, dais evidently equal to the actual difference in tension in the 
steel, measured in pounds. It is the amount of tension which must be 
transferred to the concrete in that unit length of the beam. But the 
computations of the difference of moments at two sections that are only 
a unit distance apart, is a comparatively tedious operation, which, 
fortunately, is unnecessary. Theoretical mechanics teaches us that 
the difference in the moment at two consecutive sections of the beam 
is measured by the total vertical shear in the beam at that point. The 
shear is very easily and readily computable; and therefore the required 
amount of tension to be transferred from the steel to the concrete can 
readily be computed. A numerical illustration may be given as 
follows: Suppose that we have a beam which, with its load, weighs 
20,000 pounds, on a span of 20 feet. Using ultimate values, for which 
we multiply the loading by 4, we have an ultimate loading of 80,000 
pounds. Therefore, 

M. = ?:°i = ^"•'^X-lLO = 2,400,000. 

o o 

Using the constants previously chosen for 1 :3:6 concrete, and there- 
fore utilizing Equation 13, we have this moment equal to 397 fccf. 
Therefore fc(P= 0,045. 

If we assume h — 15 inches; d = 20.1 inches; then d — x = .S6d = 
17.3 inches. The area of steel equals 

A = .0()S i b d -= 2.53 square inches. 
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We know from the laws of mechanics, that the moment diagram for 
a beam which is uniformly loaded is a parabola, and that the ordinate 
to this curve at a point one inch from the abutment will, in the above 
case, equal (^y^)^ of the ordinate at the abutment. This ordinate is 
measured by the maxinium moment at the center, multiplied by the 

factor (ii-j-)' = -lAdOCi "^ -9834; therefore the actual moment at a 

point one inch from the abutment = (1.00 — .9834) = .0166 of the 
moment at the center. But .0166 X 2,400,000 = 39,840. 

But our ultimate loading being 80,000 pounds, we know that the 
shear at a point in the middle of this one-inch length equals the 
shear at the abutment, minus the load on this first ^ inch, which is 
fl^Q of 40,000 (or 167) pounds. The shear at this point is there- 
fore 40,000 — 167 (or 39,833) pounds. This agrees with the above 
value 39,840 as closely as the decimals used in our calculations will 
permit. 

The value otd^x is somewhat larger when the moment is very 
small than when it is at its ultimate value. But the difference is 
comparatively small, is on the safe side, and it need not make any 
material difference in our calculations. Therefore, dividing 39,840 
by 17.3, we have 2,303 pounds as the difference in tension in the steel 
in the last inch at the abutment. Of course this does not literally 
mean the last inch in the length of the beam, since, if the net span were 
20 feet, the actual length of the beam would be considerably greater. 
The area of the steel as computed above is 2.53 square inches. 
Assuming that this is furnished by five f -inch square bars, the surfaces 
of these five bars per inch of length equals 15 square inches. Dividing 
2,303 by 15, we have 153 pounds per square inch as the required 
adhesion between the steel and the concrete. While this is not greater 
than the adhesion usually found between concrete and steel, it is 
somewhat risky to depend on this; and therefore the bars are usually 
bent so that they run diagonally upward, and thus furnish a very 
great increase in the strength of the beam, which prevents the beam 
from failing at the ends. Tests have shown that beams which are 
reinforced by bars only running through the lower part of the beam 
without being turned up, or without using any stirrups, will usually 
fail at the ends, long before the transverse moment, which they 
possess at their center, has been fully developed. 



85 



76 



REINFORCED CONCRETE 



NeyJ Axte 



Distribution of Vertical Shears. Beams which are tested to 
destruction frequently fail at the ends of the beams, long before the 
transverse strength at the center has been fully developed. Even if 
the bond between the steel and the concrete is amply strong for the 
requirements, the beam may fail on account of the shearing or 

. diagonal stresses in the concrete between 
the steel and the neutral axis. The stu- 
dent must accept without proof some of 
the following statements regarding the 
distribution of the shear. 

The intensity of the shear at various 
points in the height of the beam, may be 
represented by the diagram in Fig. 43. 
If we ignore the tension in the concrete 
due to transverse bending, the shear will 
be uniform between the steel and the neu- 
tral axis. Above the neutral axis, the 
shear will diminish toward the top of 
the beam, the curve being parabolic. 

If the distribution of the shear were uniform throughout the 
section, we might say that the shear per square inch would equal 
V -i- bd. It may be proved thatv, the intensity of the vertical shear 
per square inch, is 




Fig. 43. 



V = 



T' 



b {d- X) 



(15) 



In the above case, the ultimate total shear V in the last inch at 
the end of the beam, is 39,840 pounds. Then, 



V 



39,840 
15 X 17.3 



153.5 pounds per square inch. 



The agreement of this numerical value of the unit intensity of the 
vertical shear with the required bond between the concrete and the 
steel, is due to the accidental agreement of the width of the beam 
(15 inches) with the superficial area of the bars per inch of length of 
the beam (15 square inches). If other bars 'of the same cross-sec- 
tional area, but with greater or less superficial surface, had been 
selected for the reinforcement, even this accidental agreement would 
not have been found. 
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The actual strength of concrete in shear is usually far greater 

than this. The failure of beams, which fail at the ends when loaded 

with loads far within their capacity for transverse strength, is generally 

due to the secondary stresses. The computation of these stresses is a 

complicated problem in Mechanics; but it may be proved that if we 

ignore the tension in the concrete due to bending stresses, the diagonal 

tension per unit of area equals the vertical shear per unit of area (v). 

But concrete which may stand a shearing stress of 1,000 pounds per 

square inch will probably fail under a direct tension of 200 pounds per 

square inch. The diagonal stress has the nature of a direct tension. 

In the above case the beam probably would not fail by this method of 

failure, since concrete can usually stand a tension up to 200 pounds 

per square inch; but such beams, when they are not diagonally 

reinforced, frequently fail in that way before their ultimate loads are 
reached. 

Methods of Guarding against Failure by Shear or Diagonal 
Tension. The failure of a beam by actual shear is almost unknown. 
The failures usually ascribed to shear are generally caused by diagonal 
tension. A solution of the very simple equation (15) will indicate 
the intensity of the vertical shear. 

The relation of crushing strength to shearing strength is expressed 
by the equation : 



Unit shearing strength z — 



c' 



2 tan 0' 



in which z is the unit shearing strength, and 6 is the angle of rupture 
under direct compression. This angle is usually considered to be 
60°; for such a value the shearing strength would equal d -r- 3.464. 
When 6 = 45°, the shearing strength would equal one-half of the 
crushing strength, and this agrees very closely with the results of 
tests made by Professor Spoflord. But the shearing strength is con- 
sidered to be a far less reliable quantity than the crushing strength; 
and therefore dependence is not placed on shear, even for vltimate 
loading, to a greater value than about one-half of the above value; or. 

Unit shearing strength « = c' -^ 6.928. 

Usually the unit intensity of the vertical shear (even for ultimate 
loads) is less than this. But this ignores the assistance furnished by 
the bars. Actual failure would require that the bars must crush the 
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concrete under them. When, as is usual, there are bars passing 
obliquely through the section, a considerable portion of the shear is 
carried by direct tension in the bars. 

It seems impracticable to develop a rational formula for the 
amount of assistance furnished by these diagonal bars, unless we 
make assumptions which are doubtful and which therefore vitiate 
the reliability of the whole calculation. Therefore the "rules" 
which have been suggested for a prevention of this form of failure 
are wholly empirical. Mr. E. L. Ransome uses a rule for spacing 
vertical "stirrups," made of wires or J-inch rods, as follows: 

The first stirrup is placed at a distance from the end of the beam 
equal to one-fourth the depth of the beam; the second is at a distance 
of one-half the depth beyond the first stirrup; the third, three-fourths 
of the depth beyond the second ; and the fourth, a distance equal to 
the depth of the beam beyond the third. This empirical rule agrees 
with the theoiy, in the respect that the stirrups are closer at the ends 
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Fig. 44. 



of the beam, where the shear is greatest. The four stirrups extend 
for a distance from the end equal to 2^ times the depth of the beam. 
Usually this is a sufficient distance; but some "systems" use stirrups 
throughout the length of the beam. On very short beams, the shear 
changes so rapidly that at 2i times the depth from the end of the 
beam the shear is not generally so great as to produce dangerous 
stresses. With a very long beam, the change in the shear is corre- 
spondingly more gradual; and it is possible that stirrups or some 
other device must be used for a greater actual distance from the end, 
although for a less proportional distance. 

^Vhen the diagonal reinforcement is accomplished by bending 
up the bars at an angle of about 45°, the bending should be done so 
that there is at all sections a sufficient area of steel in the lower part 
of the bar to withstand the transverse moment at that section. As 
fast as the bars can be spared from the bottom of the beam, they 
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may be turned up diagonally so that there are at every section of the 
beam one or more bars which would be cut diagonally by such a 
section. On this account it is far better to use a larger number of 
bars, than a smaller number of the same area. For example, if it 
were required that there shall be 2.25 square inches of steel for the 
section at the middle of the beam, it would be far better to use nine 
i-inch bars than four }-inch .bars. In either case, the steel has the 
same area and the same weight. The nine ^-inch bars give a much 
better distribution of the metal. The superficial area of the nine 
i-inch bars is 18 square inches per linear inch of the beam, while the 
area of the four f-inch bars is only 12 square inches per inch of length. 
But an even greater advantage is furnished by the fact that we have 
nine bars instead of four, which may be bent upward (and bent more 
easily than the |-inch bars) as fast as they can be spared from the 
bottom of the beam. In this way the shear near the end of the beam 
may be much more effectually and easily provided for. 

Since the shear is greatest at the ends of the beam, more bars 
should be reserved for turning up near the ends. For example, in the 
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Fig 45. 



above case of the nine bars, one or two bars might be turned up at 
about the quarter-points of the beam. One or two more might be 
turned up at a distance equal to, or a little less than, the depth of the 
beam from the quarter-points toward the abutments. Others would 
be turned up at intermediate points; at the abutments there should 
be at least two, or perhaps three, diagonal bars, to take up the maxi- 
mum shear near the abutments. This is illustrated, although without 
definite calculations, in Fig. 45. 

Detailed Design of a Plain Beam. This will be illustrated by a 
numerical example. A beam having a span of 18 feet supports one 
side of a 6-inch slab 8 feet wide which carries a live load of 200 
pounds per square foot. In addition, a special piece of machinery, 
weighing 2,400 pounds, is located on the slab so near the middle of 
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the beam that we shall consider it to be a concentrated load at the 
center of the beam. The floor area carried by the beam is 18 feet by 
4 feet = 72 square feet. Adding 3 inches to the 6 inches thickness 
of the slab as an allowance for the weight of the beam, we have 
9 X 12 = 108 pounds per square foot for the dead weight of the floor. 
With a factor of 2 for dead load, this equals 216. Using a factor of 
4 on the live load (200), we have 800 pounds per square foot. Then 
the ultimate load on the beam, due to these sources, is (216 + 800) 
72 = 73,152 pounds. So far as its effect on moment is concerned, 
the concentrated load of 2,400 pounds at the center would have the 
same effect as 4,800 pounds uniformly distributed. As it is a piece of 
vibrating machinery, we shall use a factor of six (6), and thus have 
an ultimate effect of 6 X 4,800 = 28,800 pounds. Adding this to 
73,152, we have 101,952 pounds as the equivalent, ultimate, uniformly 
distributed load. Then 

A/o = i IFo i = i X 101,952 X 216 = 2,752,704. 

In order to reduce as much as possible the size and weight of this beam, 
we shall use 1:2:4 concrete, and therefore apply Equation 14: 

2,752,704 = 565 6d*; 
bcP = 4,872. 

If 6 = 16 inches; cP = 304.5, and d = 17.5 inches. 

A still better combination would be a deeper and narrower beam 
with 6 = 12 inches, and d = 20.15 inches. With this combination, 
the required area of the steel will equal 

A = .0121:M = .0121 X 12 X 20.15 = 2.93 square inches. 

This can be supplied by eight bars J inch square. 

The total ultimate load as determined above, is 101,952 pounds. 
One-half of this gives the maximum shear at the ends, or 50,976 
pounds. Applying Equation 15, we have, since d — x = .85 d= 17 
inches 

V 50.796 ^ ' .. , 

V = . / 1 _ K = j2 X 17 ^ ^^ pounds per square inch. 

As already discussed in previous cases, the ends of the beam must 
be reinforced against diagonal tension, since the above value of v is 
too great, even as an ultimate value, for such stress. Therefore the 
ends of the beam must be reinforced by turning the bars up, or by the 
use of stirrups. The beam must therefore be reinforced about as 
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SECTION THROUGH A FIVE-STORY WAREHOUSE BUILT OF REINFORCED CONCRETE. 
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shown in Fig. 46. Although the concentrated center load in this case 
is comparatively too small to require any change in the design, it 
should not be forgotten that a concentrated load may cause the shear 
to change so rapidly that it might require special provision for it in 
the center of the beam, where there is ordinarily no reinforcement 
which will assist shearing stresses. 

Effect of Quality of Steel. There is one very radical difference 
between the behavior of a concrete-steel structure and that of a 
structure composed entirely of steel, such as a truss bridge. A truss 
bridge may be overloaded with a load which momentarily passes the 



m^ coo Tbs.prr. saft. ? 



* i I i ♦ i i i * ♦ i 



W^^' 







i!til-„-ij-J-3 










J 

• * - 

Fig. 4A. Reinforced Beam. 

elastic limit, and yet the bridge will not necessarily fail nor cause the 
truss to be so injured that it is useless and must be immediately 
replaced. The truss might sag a little, but no immediate failure is 
imminent. On this account, the factor of safety on truss bridges is 
usually computed on the basis of the ultimate strength. . 

A concrete-steel structure acts very differently. As has already 
been explained, the intimate union of the concrete and the steel at 
all points along the length of the bar (and not merely at the ends), 
is an absolute essential for stability. If the elastic limit of the steel 
has been exceeded owing to an overload, then the union between the 
concrete and the steel has unquestionably been destroyed, provided 
that union depends on mere adhesion. Even if that union is assisted 
by a mechanical bond, the distortion of the steel has broken that bond 
to some extent, although it will still require a very considerable force 
to pull the bar through the concrete. It is therefore necessary that 
the elastic limit of the steel should be considered the virtual ultimate 
so far as the strength of the steel is concerned. It is accordingly con- 
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sidered advisable, as already explained, to multiply all working 
loads by the desired factor of safety (usually taken as 4), and then to 
proportion the steel and concrete so that such an ultimate load will 
produce crushing in the upper fiber of the concrete, and at the same 
time will stress the steel to its elastic limit. On this basis, economy 
in the use of steel requires that the elastic limit should be made as high 
as possible. 

The manufacture of steel of very high elastic limit requires the 
use of a comparatively large proportion of carbon, which may make 
the steel objectionably brittle. The steel for this purpose must 
therefore avoid the two extremes — on the one hand, of being brittle; 
and on the other, of being so soft that its elastic limit is very low. 

Several years ago, bridge engineers thought that a great economy 
in bridge construction was possible by using very high carbon steel, 
which has not only a high elastic limit but also a correspondingly high 
ultimate tensile strength. But the construction of such bridges re- 
quires that the material shall be punched, forged, and otherwise 
handled in a way that will very severely test its strength and perhaps 
cause failure on account of its brittleness. The stresses in a concrete- 
steel structure are very different. The steel is never punched; the 
individual bars are never subjected to transverse bending after being 
placed in the concrete. The direct shearing stresses are insignificant. 
The main use, and almost the only use, of the steel, is to withstand a 
direct tension ; and on this account a considerably harder steel may 
be used than is usually considered advisable for steel trusses. 

If the structure is to be subject to excessive impact, a somewhat 
softer steel will be advisable; but even in such a case, it should be 
remembered that the mere weight" of the structure will make the effect 
of the shock far less than it would be on a skeleton structure of plain 
steel. The steel ordinarily used in bridge work, generally has an 
elastic limit of from 30,000 to 35,000. If we use even 33,000 pounds 
as the value for s on the basis of ultimate loading, we shall find that 
the required percentage of steel is very high. On the other hand, 
if we use a grade of steel in which the carbon is somewhat higher, 
having an ultimate strength of about 90,000 to 100,000 pounds per 
square inch, and an elastic limit of 55,000 pounds per square inch, 
the required percentage of steel is much lower. 
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A study of Equation 10 will show that for any one kind of con- 
crete the percentage of steel increases even faster than the value of s 
diminishes — ^which means, for example, that if s is diminished 50 per 
cent, p is more than doubled. Notwithstanding this incontrovertible 
fact, some engineers insist on using a low percentage of soft steel, 
apparently ignoring the fact that the elastic limit of the steel will be 
reached, and the structure will fail, Fong before the full strength of 
the concrete has been developed. There is, of course, no harm in 
using soft steel, provided a sufficient percentage of steel is used; but 
it should be remembered that formute developed on the basis of high 
elastic limit (or a high value of s) must not be used for soft steel. It 
will not even be correct to say that, because the ultimate breaking 
strength of soft steel is 60,000 pounds, we may employ formulae with 
s = 55,000. Such formulae are derived on the basis that the concrete 
reaches its ultimate compression (say 2,000 pounds) when the stress 
in the steel is 55,000. But since the soft steel cannot exceed 30,000 
pounds without virtual failure, on account of the rupture of the bond 
between the steel and the concrete, the stress in the concrete will never 
reach 2,000 pounds, nor can it approach relatively as near 2,000 pounds 
as the steel approaches to 30,000 pounds. 

All general equations previous to Equation 13 are perfectly 
general, except that in some cases q is limited to the value §. The 
later equations have, for simplicity, been worked on the uniform basis 
of steel having an elastic limit, which is its virtual ultimate, of 55,000 
pounds, and a modulus of elasticity of 29,000,000. The subsequent 
tables have also further limited the concrete to that with an ultimate 
compression (c') of 2,000 pounds, and an initial modulus of elasticity 
(£c) of 2,400,000. Other equations, similar to 13 and 14 — ^and other 
tables, similar to IX to XIV — ^may be similarly computed for other 

• 

ultimate tensions in steel and other grades of concrete; but the 
engineer should be scrupulously careful about using any equations 
or tables except for the grades of steel and concrete for which they have 
been computed. When other grades of steel and concrete are to be 
used, the equations must be suitably modified. This can readily be 
done by deriving equations, similar to Equations 13, 14, and the later 
equations, from the general equations 1 to 12. 

Slabs on I-Beams. There are still many engineers who will not 
adopt reinforced concrete for the skeleton structure of buildings, but 



93 



84 



REINFORCED CONCRETE 



who construct the frames of their buildings of steel, using steel I-beams 
for floor girders and beams, and then connect the beams with concrete 
floor slabs. These are usually computed on the basis of transverse 
beams which are free at the ends, instead of considering them as 
• 'continuous beams," which will add about 50 per cent to their strength. 
Since it would be necessary to move the reinforcing steel from the 
lower part to the upper part of the slab when passing over the floor 
beams, in order to develop the additional strength which is theoreti- 
cally possible with continuous beams, and since this is not usually 
done, it is by far the safest practice to consider all floor slabs as being 
"free-ended." The additional strength which they undoubtedly have 
to some extent because they are continuous over the beams, merely 
adds indefinitely to the factor of safety. Usually the requirement 
that the I-beams shall be "fireproofed," by surrounding the beam 
itself with a layer of concrete such that the outer surface is at least 
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2 inches from the nearest point of the steel beam, results in having 
a shoulder of concrete under the end of each slab, which quite mater- 
ially adds to its structural strength. But usually no allowance is 
made; nor is there any reduction in the thickness of the slab on account 
of this added strength. In this case also, the factor of safety is. again 
indefinitely increased. The fireproofing around the beam must 
usually be kept in place by wrapping a small sheet of expanded metal 
or wire lath around the lower part of the beam before the concrete 
is placed. 

Slabs Reinforced in Both Directions. When the floor beams of 
a floor are spaced nearly equally in both directions, so as to form, 
between the beams, panels which are nearly square, a material saving 
can be made in the thickness of the slab by reinforcing it with bars 
running in both directions. The theoretical computation of the 
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strength of such slabs is exceedingly complicated. It is usually con- 
sidered that such slabs have twice the strength of a slab supported 
only on two sides and reinforced with bars in but one direction. The 
usual method of computing such slabs is to compute the slab thickness, 
and the spacing and size of the reinforcing steel for a slab which is to 
carry one-half of the actual load. • Strictly speaking, the slab should 
be thicker by the thickness of one set of reinforcing bars. 

Reinforcement against Temperature Cracks. The modulus of 
elasticity of ordinary concrete is approximately 2,400,000 pounds per 
square inch, while its ultimate tensional strength is about 200 pounds 

per square inch. Therefore a pull of about — ^^^ of the length 

would nearly, if not quite, rupture the concrete. The coeflBcient of 
expansion of concrete has been found to be almost identical with that 
of steel, or .0000065 for each degree Fahrenheit. Therefore, if a 
block of concrete were held at the ends with absolute rigidity, while 
its temperature were lowered about 12 degrees, the stress developed 
in the concrete would be very nearly, if not quite, at the rupture point. 
Fortunately the ends will not usually be held with such rigidity; but 
nevertheless it does generally happen that, unless the entire mass of 
concrete is permitted to expand and contract freely so that the tem- 
perature stresses are small, the stresses will usually localize themselves 
at the weak point of the cross-section, wherever it may be, and will 
there develop a crack, provided the concrete is not reinforced with 
steel. If, however, steel is well distributed throughout the cross- 
section of the concrete, it will prevent the concentration of the stresses 
at local points, and will distribute it uniformly throughout the mass. 
Reinforced concrete structures are usually provided with bars 
running in all directions, so that temperature cracks are prevented 
by the presence of such bars, and it is generally unnecessary to make 
any special provision against such cracks. The most common 
exception, to this statement occurs in floor slabs, which structurally 
require bars in only one direction. It is found that cracks parallel 
with the bars which reinforce the slab will be prevented if a few bars 
are laid perpendicularly to the direction of the main reinforcing bars. 
Usually Hnch or f-inch bars, spaced about 2 feet apart, will be 
sufficient to prevent such cracks. 
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Retaining walls, the balustrades of bridges, and other similar 
structures, which may not need any bars for purely structural 
reasons, should be provided with such bars in order to prevent 
temperature cracks. A theoretical determination of the amount of 
such reinforcing steel is practically impossible since it depends on 
assumptions which are themselves very doubtful. It is usually con- 
ceded that if there is placed in the concrete an amount of steel whose 
cross-sectional area equals about J of 1 per cent of the area of the 
concrete, the structure will be proof against such cracks. Fortunately, 
this amount of steel is so small that any great refinement in its deter- 
mination is of little importance. Also, since such bars have their 
value in tying the structure together and thus adding somewhat to its 
strength and ability to resist disintegration owing to vibrations, the 
bars are usually worth what they cost. 

TANKS 

Design. The extreme durability of reinforced concrete tanks, 
and their immunity from deterioration by rust, which so quickly 
destroys steel tanks, have resulted in the construction of a large and 
increasing number of tanks in reinforced concrete. Such tanks must 
be designed to withstand the bursting pressure of the water. If they 
are veiy high compared with their diameter, it is even possible that 
failure might result from excessive wind pressure. 

. The method of designing one of these tanks may best be con- 
sidered from an example. Suppose that it is required to design a 
reinforced concrete tank with a capacity of 50,000 gallons, which 
shall have an inside diameterof 18 feet. At 7.48 gallons per cubic foot, 
a capacity of 50,000 gallons will require 6,684 cubic feet. If the inside 
diameter of the tank is to be 18 feet, then the 18-foot circle will con- 
tain an area of 254.5 square feet. The depth of the water in the 
tank will therefore be 26.26 feet. The lowest foot of the tank will 
therefore be subjected to a bursting pressure due to 25.76 vertical 
feet of water. • Since the water pressure per square foot increases 62} 
pounds for each foot of depth, ve shall have a total pressure of 1,610 
pounds per square foot on the lowest foot of the tank. Since tlie 
diameter is 18 feet, the bursting pressure it must resist on each side 
is one-half of 18 X 1,610 = ^} X 28,080 = 14,490 pounds. If we 
allow a working stress of 15,000 pounds per square inch, this will 
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require .966 square inch of metal in the lower foot. Since the bursting 
pressure is strictly proportional to the depth of the water, we need 
only divide this number proportionally to the depth to obtain the 
bursting pressure at other depths. For example, the ring one foot 
high, at one-half the depth of the tank, should have .483 square inch 
of metal; and that at one-third of the depth, should have .322 square 
inch of metal. The actual bars required for the lowest foot may be 
figured as follows: .966 square inch per foot equals .0805 square 
inch per inch; J-inch square bars, having an area .5625 square inch, 
will furnish the required strength when spaced 7 inches apart. At 
one-half the height, the required metal per linear inch of height is 
half of the above, or .040. This could he provided by using |-inch 
bars spaced 14 inches apart; but this is not so good a distribution of 
metal as to use f-inch square bars having an area of .39 square inch, 
and to space the bars nearly 10 inches apart. It would give a still 
better distribution of metal, to use ^-inch bars spaced 6 inches apart 
at this point, although the J-inch bars are a little more expensive per 
pound, and, if they are spaced very closely, will add slightly to the 
cost of placing the steel. The size and spacing of bars for other points 
in the height can be similarly determined. 

A circle 18 feet in diameter has a circumference of somewhat 
over 56 feet. Assuming as a preliminary figure that the tank is 
to be 10 inches thick at the bottom, the mean diameter of the 
base ring would be 18.83 feet, which would give a circumference 
of over 59 feet. Allowing a lap of 3 feet on the bars, this would 
require that the bars should be about 62 feet long. Although it is 
possible to have bars rolled of this length, they are very difficult to 
handle, and require to be transported on the railroads on two flat cars. 
It is therefore preferable to use bars of slightly more than half this 
length, and to make two joints in each band. 

The bands which are used for ordinary wooden tanks are usually 
fastened at the ends by turn-buckles. Some such method is necessary 
for the bands of concrete tanks, provided the bands are made of plain 
bars. Deformed bars have a great advantage in such work, owing to 
the fact that, if the bars are over-lapped from 18 inches to 3 feet, 
according to their size, and are then wired together, it will require a 
greater force than the strength of the bar to puH the joints apart after 
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they are once thoroughly incased in the concrete and the concrete 
has hardened. 

Test for Overturning. Since the computed depth of the water is 
over 26 feet, we must calculate that the tank will be, say, 28 feet high. 
Its outer diameter will be approximately 20 feet. The total area 
exposed to the surface of the wind, will be 560 square feet. We may 
assume that the wind has an average pressure of 50 pounds per square 
foot; but owing to the circular form of the tank, we shall assume that 
its effective pressure is only one-half of this; and therefore we may 
figure that the total overturning pressure of the wind equals 560 X 25 
= 14,000 pounds. If this is considered to be applied at a point 14 
feet above the ground, we have an overturning moment of 196,000 
foot-pounds, or 2,352,000 inch-pounds. Using a factor of 4 on this, 
we may consider this as an ultimate moment of 9,408,000 inch-pounds. 

Although it is not strictly accurate to consider the moment of 
inertia of this circular section of the tank as it would be done if it were 
a strictly homogeneous material, since the neutral axis, instead of 
being at the center of the section, will be nearer to the compression 
side of the section, our simplest method of making such a calculation 
is to assume that the simple theory applies, and then to use a generous 
factor of safety. The effect of shifting the neutral axis from the 
center toward the compression side, will be to increase the unit com- 
pression on the concrete, and reduce the unit tension in the steel; but, 
as will be seen, it is generally necessary to make the concrete so thick 
that its unit compressive stress is at a very safe figure, while the 
reduction of the unit tension in the steel is merely on the side of safety. 

Applying the usual theory, we have, for the moment of inertia of 
a ring section, .049 {d^ — d*). Let us assume as a preliminary 
figure that the wall of the tank is 10 inches thick at the bottom. 
Its outside diameter is therefore 18 feet + twice 10 inches, or 236 
mches. The moment of inertia / = .049 (236* ~ 216*) = 45,337,842 
biquadratic inches. Calling c the unit compression, we have, as 
the ultimate moment due to wind pressure: 

- , c' I c' X 45,337,842 n ^no nnn • u a 

M -» j-T, «= Y2 — *■ 9,408;000 inch-pounds, 

in which idj = 118 inches. 

Solving the above equation for c, we have c equals a fraction 
less, than 25 pounds per square inch. This pressure is so utterly 
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insignificant, that, even if we double or treble it to allow for the shift- 
ing of the neutral axis from the center, and also double or treble the 
allowance made for wind pressure, although the pressure chosen is 
usually considered ample, we shall still find that there is practically 
no danger that the tank will fail owing to a crushing of the concrete 
due to wind pressure. 

The above method of computation has its value in estimating 
the amount of steel required for vertical reinforcement. On the basis 
of 25 pounds per square inch, a sector with an average width of 1 inch 
and a diametral thickness of 10 inches would sustain a compression 
of about 250 pounds. Since we have been figuring ultimate stresses, 
we shall figure an ultimate tension of, say, 55,000 pounds per square 

250 
inch in the steel. This tension would therefore require ^nn^rzrzr = 

^ 55,000 
.0045 square inch of metal per inch of width. Even if J-inch bars were 
used for* the vertical reinforcement, they would need to be spaced only 
about 14 inches apart. This, however, is on the basis that the neutral 
axis is at the center of the section, which is known to be inaccurate. 

A theoretical demonstration of the position of the neutral axis 
for such a section, is so exceedingly complicated that it will not be 
considered here. The theoretical amount of steel required is always 
less than that computed by the above approximate method, but the 
necessity for preventing cracksj which would cause leakage, would 
demand more vertical reinforcement than would be required by wind 
pressure alone. 

Practical Details of the Above Design. It was assumed as an 
approximate figure, that the thickness of the concrete side wall at the 
base of the tank should be 10 inches. The calculations have shown 
that, so far as wind pressure is concerned, such a thickness is very 
much greater than is required for this purpose; but it will not do to 
reduce the thickness in accordance with the apparent requirements 
for wind pressure. Although the thickness at the bottom might be 
reduced below 10 inches, it probably would not be wise to do so. 
It may, however, be tapered slightly towards the top, so that at the 
top the thickness will not be greater than 6 inches, or perhaps even 
5 inches. The vertical bars in the lower part of the side wall must be 
bent so as to run into the base slab of the tank. This will bind the 
side wall to the bottom. The necessity for reinforcement in the bot- 
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torn of the tank depends very largely upon the nature of the founda- 
tion, and also to some extent on the necessity for providing against 
temperature cracks, as has been discussed in a previous section. Even 
if the tank is placed on a firm and absolutely unyielding foundation, 
some reinforcement should be used in the bottom, in order to prevent 
cracks which might produce leakage. These bars should run from 
a point near the center, and be bent upward at least 2 or 3 feet into 
the vertical wall. Sometimes a gridiron of bars running in both 
directions is used for this purpose. This method is really preferable 
to the radial method. The methods of making tanks water-tight 
have already been discussed. 

RETAININQ WALLS 

Essential Principles. The economy of a retaining wall of rein- 
forced concrete lies in the fact that by adopting a skeleton form of 
construction and utilizing the tensional and transverse strength which 
may be obtained from reinforced concrete, a wall may be built, of 
which the volume of concrete is, in some cases, not more than one- 
third the volume of a retaining wall of plain concrete which would 
answer the same purpose. Although the cost of reinforced concrete 
per cubic foot will be somewhat greater than that of plain concrete, 
it sometimes happens that such walls can be constructed for one-half 
the cost of plain concrete walls. The general outline of a reinforced 
concrete retaining wall is. similar to the letter L, the base of which is a 
base-plate made as wide as (and generally a little wider than) the 
width usually considered necessary for a plain concrete wall. As a 
general rule, the width of the base should be about one-half the 
height. The face of the wall .is made of a comparatively thin plate 
whose thickness is governed by certain principles, as explained later. 
At intervals of 10 feet, more or less, the base-plate and the face are 
connected by buttresses. These buttresses are very strongly fastened 
by tie-bars to both the base-plate and the face-plate. The stress in 
the buttresses is almost exclusively tension. The pressure of the 
earth tends to force the face-plate outward; and therefore the face- 
plate must be designed on the basis of a vertical slab subjected to 
transverse stresses which are maximum at the bottom and which 
reduce to zero at the top. 
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If the wall is "surcharged" (which means that the earth at the 
top of the wall is not level, but runs back at a slope), then the face- 
plate will have transverse stresses even at the top. The base-plate 
is held down by the pressure of the superimposed earth. The 
buttresses must transmit the bursting pressure on the face of the wall 
backward and downward to the base-plate. The base-plate must 
therefore be designed by the same method as a horizontal slab carry- 



Fig. 43. 

ing a load equal and opposite to the upward pull in each buttress. 
If the base-plate extends in front of the face of the wall, thus forming 
an extended toe, as is frequently done with considerable economy 
and advantage, even that toe must be designed to withstand trans- 
verse bending at the wall line, and also shearing at that point. The 
application of these principles can best be understood by an illus- 
tration. 

Numerical Example. Assume that it is requiretl to design a 
retaining wall to wltlistand an ordinary earthwork pressure of 20 feet, 
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the earth being level on top. We are at once confronted with the 
determination of the actual lateral pressure of the earthwork. Unfor- 
tunately, this is an exceedingly uncertain quantity, depending upon the 
nature of the' soil, upon its angle of repose, and particularly upon its 
condition whether wet or dry. The angle of repose is the largest angle 
with the horizontal at which the material will stand without sliding 
down. A moment's consideration will show that this angle depends 
veiy largely on the condition of the material, whether wet or dry, etc. 
On this account any great refinement in these calculations is utteriy 
useless. 

Assuming that the back face of the wall is vertical, or practically 
so; that the upper surface of the earth is horizontal; and that the angle 
of repose of the material is 30°, the total pressure of the wall equals 
J w h?f in which h is the total height of the wall, and w is the weight 
per unit volume of the earth. If the angle of repose is steeper than 
this, the pressure will be less. If the angle of repose is less than this, 
the fraction \ will be larger, but the unit weight of the material will 
probably be smaller. Assuming the weight at the somewhat excessive 
figure of 96 pounds per cubic foot, we can then say, as an ordinary 
rule, that the total pressure of the earth on a vertical strip of the wall 
one foot wide will equal 16 h^, in which h is the height of the wall in 
feet. The average pressure, therefore, equals 16 h; and the maxi- 
mum pressure at a depth of h feet equals 32 h. Applying this figure 
to our numerical example, we have a total pressure on a vertical 
strip one foot wide, of 16 X 20^ = 6,400 pounds. The pressure at a 
depth of 20 feet = 32 X 20 = 640 pounds. 

It is usual to compute the thickness and reinforcement of a strip 
one foot wide running horizontally between two buttresses. Prac- 
tically the strip at the bottom is very strongly reinforced by the base- 
plate, which runs at right angles to it; but if we design a strip at the 
bottom of the wall without allowing for its support from the base- 
plate, and then design all the strips towards the top of the wall in the 
same proportion, the upper strips will have their proper design, while 
the lower strip merely has an excess of strength. We shall assume 
in this case that the buttresses are spaced 15 feet from center to center. 
Then the load on a horizontal strip of face-plate 12 mches high, 15 
feet long, and 19 feet 6 inches from the top, will be 15 X 19.5 X 32, or 
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9,360 pounds. Multiplying this by 4, we have an ultimate load of 
37,440 pounds. The span in inches equals 180. Then, 

37,440 X 180 
Afo - — ■ — -g « 842,400 inch-pounds. 

Placing this equal to 397 b cP, in which 6 = 12 inches, we find that (P 
= 176.8, and d = 13.3 inches. At one-half the height of the wall, 
the moment will equal one-half of the above, and the required thick- 
ness d would be 9.4 inches. The actual thickness at the bottom, 
including that required outside of the reinforcement, would there- 
fore make the thickness of the wall about 16 inches at the bottom. 
At one-half the height, the thickness must be about 12 inches. Using 
a uniform taper, this would mean a thickness of 8 inches at the 
top. 

The reinforcement at the bottom would equal .0084 X 13.3 = 
.112 square inch of metal per inch of height. Such reinforcement 
could be obtained by using J-inch bars spaced 5 inches apart. The 
reinforcement at the center of the height would be .0084 X 9.4 = .079 
square inch per inch of width. This could be obtained by using f- 
inch bars about 5 inches apart, or by using J-inch bars about 7 inches 
apart. The selection and spacing of bars can thus be made for the 
entire height While there is no npiethod of making a definite calcula- 
tion for the steel required in a vertical direction, it may be advisable 
to use i-inch bars spaced about 18 inches apart. 

Base-Plate. We shall assume that the base-plate has a width 
of one-half the height of the wall, or is 10 feet wide. If the inner face 
of the face-plate is 2 feet 6 inches from the toe, the width of the base- 
plate sustaining the earth pressure is 7 feet 6 inches. The actual 
pressure on the base-plate is that due to the total weight of the earth. 
The upward pull on the buttresses is less than this, and is measured 
by the moment of the horizontal pressure tending to tip the wall over. 
To resist this overturning tendency, there must be a downward pres- 
sure on the plate whose moment equals the moment of the couple 
tending to turn the wall over. The pressure on the wall on a vertical 
strip one foot wide, as found above, is 6,400 pounds, which has a 
lever arm, about the center of the base of the face-plate, of 6 feet 8 
inches. The vertical pressure to resist this will be applied at the 
center of the 7-foot 6-inch base, or 4 feet 5 inches from the center of 
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the face-plate. The total necessary pressure will therefore be 

6,400X6.07 oAro J rp,. 

— - , or 9,653 pounds. Ihis means an average pressure 

of 1,287 pounds per square foot. Making a similar calculation for 
this base-plate to that previously made for the face-plate, we find 
that the thickness d = 19.1 inches. This shows that our base-plate 
should have a total thickness of about 22 inches. 

The amount of steel per inch of width of the slab equals .0084 
X 19.1 = .160 square inch. This can be provided by |-inch bars 
spaced 4f inches apart, or by 1-inch bars spaced 6 J inches apart. 
This reinforcement will be uniform across the total width of the base- 
plate. 

Buttresses. The total pressure on a vertical strip one foot wide 
is 6,400 pounds. For a panel of 15 feet, this equals 96,000 pounds; 
and its moment about the base of the wall equals 96,000 X 80 inches 
=^ 7,680,000 inch-pounds. If the tie-bars in the buttresses are 
placed about 3 inches from the face of the buttresses, their distance 
from the center of the base of the face wall will be about 89 inches. 

Therefore the tension in the bars in each buttress will equal ~ — — ^ — 

^ 89 

= 86,292 pounds. 

Since the earth pressures considered above are actual pressures, 
we must here consider working stresses in the metal. Allowing 
15,000 pounds' tension in -the steel, it will require 5.75 square inches 
of steel for the tie-bars of each buttress. Six 1-inch square bars will 
more than furnish this area. Even these bars need not all be extended 
to the top of the buttress, since the tension is gradually being trans- 
ferred to the face-plate. 

The width of the buttress is not very definitely fixed. It must 
have enough volume to contain the bars properly, without crowding 
them. In this case, for the six 1-inch bars, we shall make the width 
12 inches. At the base of the buttresses, these bars should be bent 
around bars running through the base-plate, so that the lower part 
of the buttress will be very thoroughly anchored into the base-plate. 
It is also necessary to tie tlie buttress to the face-plate. The amount 
of this tension is definitely calculated for each foot of height, from 
the total pressure on the face-plate in each panel for that particular 
foot of height. At a depth of 19.5 feet, we found a bursting pressure 
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of 624 pounds per square foot, or 9,360 pounds on the 15-foot panel. 
This would therefore be the required bond between the buttress and 
the face-plate at a depth of 19.5 feet. With a working tension of 
15,000 pounds per square inch, such a tension would be (umished 
by .624 square inch of metal. This equals .05. square inch of metal 
for each inch of height, and J-inch bars spaced 5 inches apart will 
furnish this tension. The amount of this tension varies from the 
above, to zero at the top of the wall. This tension is usually provided 
by small bars, such as ^-inch bars, which are bent at a right angle so 
as to hook over the horizontal bars in the face-plate and run backward 
to the back of the buttress. 

In the design described above, the extension of the toe beyond the 
face of the wall is so short that there is no danger that the toe will be 
broken off on account of either shearing or transverse stress. It is 
usually good policy to place some transverse bars in the base-plate 
which are perpendicular to the face of the wall, and to have them 
extend nearly to the point of the toe. No definite calculation can be 
made of the required number of these bars unless they are required to 
withstand transverse bending of the toe. 

If there is any danger that the subsoil is liable to settle, and thus 
produce irregular stresses on the base-plate, a large reinforcement in 
this direction may prove necessary. It is good policy to place at least 
i-inch bars every 12 inches through the base-plate, for the prevention 
of cracks; and this amount should be increased as the uncertainty. in 
the stress in the base-plate increases. Although there are no definite 
stresses, in the top of the wall, it is usual to make the thickness of the 
face-plate at least 6 inches at the top, and also to place a finishing 
cornice on top of the wall, somewhat as is shown in Fig. 48. 

When the subsoil is very unreliable, it is even possible that there 
might be a tendency for the front and back of the base-plate to sink, 
and to break the base-plate by tension of the top. This can be resisted 
by bars in the upper part of the base-plate which are perpendicular 
to the wall. 

Box Culverts. The permanency of concrete, and particularly 
reinforced concrete, has caused its adoption in the construction of 
culverts of all dimensions, from a cross-sectional area of a very few 
square feet, to that of an arch which might be more properly classified 
under the more common name ''masonry arch.'' The smaller sizes 
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can be constructed more easily, and with less expense for the forms, 
by giving them a rectangular cross-section. The question of founda- 
tions is solved most easily by making a concrete bottom, as well as 
side walls and top. The structure then becomes literally a "box." 
Its design consists in the determination of the external pressure 
exerted by the earth and of the required thickness of the concrete to 
withstand the pressure on the flat sides considered as slabs. The 
most uncertain part of the computation lies in the determination of the 
actual pressure of the earth. Under the heading, "Retaining Walls," 
this uncertainty was discussed. 

One very simple method is to assume that the earth pressure 
is equivalent to that of a liquid having a unit weight equal to that 
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Fig. 49. 

of the weight of a cubic foot of the earth, which is nearly 100 
pounds. Under almost any circumstances, these figures would be 
sufficiently large, and perhaps very excessive. Calculations on such 
a basis are therefore certainly safe. If the pressure is computed on 
this basis, and a factor of safety of 2 is used, it is equivalent to an 
actual pressure of coily one-half the amount (which is more probable) 
having a factor of 4. If the depth of the earth is quite large compared 
with the dimensions of the culvert, we may consider that the upward 
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pressure on the bottom, as well as the lateral pressure on the sides, 
is practically the same as the downward pressure on the top. If the 
bottom of the culvert is laid on rock, or on soil which is practically 
unyielding, there will be no necessity of considering that there is any 
upward pressure on the bottom slab tending to burst that slab upward. 
The softer the soil, the greater will be the tendency to transverse 
bending in the bottom slab. 

Since the design of rectangular box culverts is purely an applica- 
tion of the equations for transverse bending, after the external pres- 
sures have been determined, no numerical example will here be given. 
These structures are not only reinforced with bars, considering the 
sides as slabs, but should also have bars placed across the comers, 
which will withstand a tendency for the section to collapse in case 
the pressure on opposite sides is unequal. They must also be rein- 
forced with bars running longitudinally with the culvert. As in the 
other cases of longitudinal reinforcement, no definite design can be 
made for its amount. A typical cross-section for such a culvert is 
shown in Fig. 49. The longitudinal bars are indicated in this figure. 
They are used to prevent cracks owing to expansion or contraction, 
and also to resist any tendency to rupture which might be caused by 
a settling or washing-out of the subsoil for any considerable distance 
under the length of the culvert. 

Arch Culverts. No attempt will here be made to explain the 
general theory of arches. A stone arch is always designed on the 
basis that there is no tension in the arch ring. The design is also 
based on the principle that the line of pressure within the arch ring 
shall always be such that there is some pressure on every part of each 
joint, which practically means that the line of pressure shall not at 
any point be outside the middle third of the arch ring. It is usually 
a simple matter so to design an arch ring that when the arch is uni- 
formly loaded from end to end, either with a light load or with its 
maximum load, the line of pressure shall at all points 'be within the 
middle third of the arch ring; but when the load on the arch is eccen- 
tric — or, in other words, when one portion of the arch is heavily 
loaded, and the other parts of the arch have no load — the line of 
pressure may pass near the edge of the arch ring, or even entirely 
outside of it. This b especially true when the weight of the live load 
is large compared with the dead weight of the arch. An arch built of 
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stone would certainly fail under such conditions. An arch built of 
plain concrete would probably also fail under such conditions, 
although the tensional strength of the concrete would permit a con- 
siderable variation of the line of pressure before failure would take 
place. If the arch is built of reinforced cor.crete, the tensional 
strength furnished by the bars will permit a very lai^ variation in 
the line of pressure before failure will take place. This will permit 
the use of a veiy much thinner arch ring than would be safe for either 
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stone or plain concrete. \'ariations in the loaiding of an arch will 
cause such a change in the line of pressure, and such a variation in 
the place where a tendency to bending may occur, that it is usual to 
place two layers of bars, one slightly within the extrados of the arch, 
and the other slightly above the intrados. These bars are con- 
nected by cross-bars which resist the tendency to shearing. Bars are 
also placed parallel with the axis of the arch. These are illustrated 
in Fig. 50. 
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The design of the arch consists in the determination^ according 
to the theory of elastic arches, of the maximum moment which can 
occur at any point of the arch, under any probable system of loading. 
The depth of the arch at that point, and the amount of steel required, 
can then be computed according to the principles of transverse bend- 
ing previously laid down. Since it is impracticable to vary the 
amount of reinforcement at different sections of the arch, it is usual 
to compute the amount of reinforcement needed at the point where 
the requirement is the greatest, and to use such steel throughout the 
entire section of the arch. Almost the only variation from this occurs 
when additional bars are sometimes run from the abutment for 
several feet across the arch in order to provide for the very excessive 
moment that may occur near the abutment in some designs, thai 
moment not being found under any conditions at or near the cen- 
ter of the arch. The amount of reinforcement which should be 
placed parallel with the axis of the arch is indefinite, as is the case 
with other forms of longitudinal reinforcement. 

The centering for concrete arches is not materially different from 
that of the centering of any masonry arch, except in the fact that, 
since the concrete is usually a very wet mixture, the forms must be 
made with closer joints than would be required for a stone arch. 

A very material saving can frequently be made in the amount 
of concrete in the abutments — especially when the soil is so soft that 
it cannot easily withstand the thrust of the arch — ^by connecting the 
two abutments by a concrete bottom in which are placed sufficient 
steel tie-rods to take up the thrust of the arch. Frequently there is a 
very considerable economy in this method, which has the added ad- 
vantage that the bottom of the culvert will have a smooth surface, 
which will materially accelerate the flow of the water, and will even 
permit of a slight reduction in the cross-section of the arch opening. 
It is also possible to effect some economy in the amount of concrete 
required for the abutments, by using a skeleton form of construction, 
having a base-plate and buttresses somewhat similar to the skeleton 
design already shown for retaining walls (see Fig. 48). In such 
designs the pressure of the earth on the base-plate assists in furnishing 
the necessary anchorage for the abutments. The economy which is 
thus possible — and which is possible only because the structure is 
made of reinforced concrete — ^is very considerable. 
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Footings. When a definite load, such as a weight carried by a 
column, is to be supported on a subsoil whose bearing power has been 
estimated at some definite figure, the required area of the footing be- 
comes a perfectly definite quantity, regardless of the method of con- 
struction of the footing. But with the area of the footing once deter- 
mined, it is possible to effect considerable economy in the construction 
of the footing, by the use of reinforced concrete. An ordinary footing 
of masonry is usually made in a pyramidal form, although the sides 
will be stepped off instead of being made sloping. It may be approxi- 
mately stated, that the depth of the footing below the base of the 
column, when ordinary masonry is used, must be practically equal to 
the width of the footing. The offsets in the masonry cannot ordinarily 
be made any greater than the heights of the various steps. Such a 
plan requires an excessive amount of masonry. 

A footing of reinforced concrete consists essentially of a slab, 
which is placed no deeper in the ground than is essential to obtain a 
proper pressure from the subsoil. In the simplest case, the column 
is placed in the middle of the footing, and thus acts as a concentrated 
load in the middle of the plattf. The mechanics of such a problem 
are somewhat similar to those of a slab supported on four sides and 
carrying a concentrated load in the center, with the very important 
exception, that the resistance, instead of being applied mecely at the 
edges of the slab, is uniformly distributed over the entire surface. 
Since the colunm has a considerable area, and the slab merely over- 
laps the column on all sides, the common method is to consider the 
overlapping on each side to be an inverted cantilever carrying a uni- 
formly distributed load, which is in this case an upward pressure. 
The maximum moment evidently occurs immediately below each 
vertical face of the column. At the extreme outer edge of the slab 
the moment is evidently zero, and the thickness of the slab may there- 
fore be reduced considerably at the outer edge. The depth of the 
slab, and the amount of reinforcement, which is of course placed near 
the bottom, can be determined according to the usual rules for 
obtaining a moment. This can best be illustrated numerically. 

Example. Assume that a load of 252,000 pounds is to be carried 
by a colunm, on a soil which consists of hard, firm gravel. Such soil 
will ordinarily safely carry a load of 7,000 pounds per square foot. 
•Oq this basis, the area of the footing must be 36 square feet, and 
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therefore a footing 6 feet square will answer the purpose. A concrete 
column 24 inches square will safely cany such a loading. Placing 
such a column in the middle of a footing will leave an offset 2 feet 
broad outside each face of the column. We may consider a section 
of the footing made by passing a vertical plane through one face of the 
column. This leaves a block of the footing 6 feet long and 2 feet 
wide, on which there is an up- 
ward pressure of 12 X 7,000 

= 84,000 pounds. The center --^ -^ 

of pressure is 12 inches from -j^ 
the section, and the moment is ® 
therefore 12 X 84,000 = 
1,008,000 inch-pounds. Mul- 
tiplying this by 4, we have 
4,032,000 mch-pounds as the 
ultimate moment. Applying 
Equation 13, we place this 
equal to 397 6 (f , in which b = 
72 inches. Solving this for rf, J 
we have d = 11.9 inches. A 
total thickness of 15 inches 
would therefore answer the 
purpose. The amount of steel 
required per inch of width = 
.0084 d = .0084 X 11.9 =.100 
square inch of steel per inch 
of width. Therefore J-inch bars, spaced 5.6 inches apart, will serve 
the purpose. A similar reinforcing of bars should be placed perpen- 
dicularly to these bars. 

The above very simple solution would be theoretically accurate 
in the case of an offset 2 feet wide for the footing of a wall of indefinite 
length, assuming that the upward pressure was 7,000 pounds per 
square foot. The development of such a moment uniformly along 
the section of our square footing, implies a resistance to bending at 
the outer edges of the slab which will not actually be obtained. The 
moment will certainly be greater under the edges of the column. 
On the other hand, we have used bars in both directions. The bars 
passing under the column in each direction are just such as are re- 
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quired to withstand the moment produced hy the pressure on that 
part of the footing directly in front of each face of the column. It 
may be considered that the other bars have their function in tpng 
the two systems into one plate whose several parts mutually support 
one another. If further justification of such a method is needed, it 
may be said that experience has shown that it practically fulfib its 
purpose. 

When a simple footing supports a single column, the center of 
pressure of the column must pass vertically through the center of 




Fig. 52. 

gravity of the footing, or there will be dui gcrous trorsverse stresses 
in the column, as discussed later. But it is sometimes necessary to 
support a column on the edge of a property line when it is not per- 
mis^ble to extend the foundations beyond the property line. In such 
a case, a simple footing is impracticable. The method of such a 
solution is indicated in Fig. 52, without numerical computation. 
The nearest interior column (or even a cnlumn on the opposite side 
of the building, if the building be not too wide) is selected, and a com- 
bined footing is constructed under both columns. The weight on 
botli columns is computed. If the weights are equal, the center of 
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gravity is half-way between them ; if unequal^ the center of gravity 
is on the line joining their centers, and at a distance from them such 
that (see Fig. 52) x:y:: W^: W^. In this case, evidently, FF, is the 
greater weight. The area abed must fulfil two conditions: 

(1) The area must equal the total loading (Wi + Wt), divided by the 
allowable loading per square foot; and 

(2) The center of gravity must be located at O. 

An analytical solution of the relative and absolute values of a 6 
and cd which will fulfil the two conditions, is very difficult, and for- 
tunately is practically unnecessary. If x and y are equal, abed is s, 
rectangle. If W^ is greater than 2 PFj, then y will be less than ^x; 
and even a triangle with the vertex under the column W^, would not 
fulfil the condition. In fact, if FF, is very small compared with W^, iV 
might be impracticable to obtain an area sufficiently large to sustain 
the weight. The proper area can be determined by a few trials, with 
sufficient accuracy for the purpose. 

The footing must be considered as an inverted beam at the 
section mn, w^here the moment = W.^y + W^x. The width is mn; 
and the required depth and the area of the steel must be computed 
by the usual methods. The bars will here be in the top of the footing, 
but will be bent down to the bottom under the columns, as shown in 
Fig. 52. The cross-bars under each colunm will be designed, as in 
the case of the simple footing, to distribute the weight on each colunm 
across the width of the footing, and to transfer the weight to the 
longitudinal bars. 

Vertical Walls* Vertical walls which are not intended to carry 
any weight, are sometimes made of reinforced concrete. They are 
then called curtain walls, and are designed merely to fill in the panels 
between the posts and girders which form the' skeleton frame of the 
building. When these walls are interior walls, there is no definite 
stress which can be assigned to them, except by making assumptions 
that may be more or less unw^arranted. When such walls are used 
for exterior walls of buildings, they must be designed to withstand 
wind pressure. This wind pressure will usually be exerted as a 
pressure from the outside tending to force the wall inward; but if 
the wind is in the contrary direction, it may cause a lower atmospheric 
pressure on the outside, while the higher pressure of the air within 
the building will tend to force the wall outward. It is improbable, 



113 



104 REINFORCED CONCRETE 

however, that such a pressure would «ver be as great as that tending 
to force the wall inward. Such walls may be designed as slabs 
carrying a uniformly distributed load, and supported on all four sides. 
If the panels are approximately square, they should have bars in both 
directions, and should be designed by the same method as "slabs 
reinforced in both directions/' as has been previously explained. 
If the vertical posts are much closer together than the height of the 
floor, as sometimes occurs, the principal reinforcing bars should l)e 
horizontal, and the walls should be designed as slabs having a span 
equal to the distance between the posts. Some small bars spaced 
alx)ut 2 feet apart should be placed vertically to prevent shrinkage. 
The pressure of the wind corresponding to the loading of the slab, 
is usually considered to be 30 pounds per square foot, although the 
actual wind pressure will very largely depend on local conditions, 
such as the protection which the building receives from surrounding 
buildings. A pressure of thirty pounds per square foot is usually 
sufficient; and a slab designed on this basis will usually be so thin, 
perhaps only 4 inches, that it is not desirable to make it any thinner. 
Since designing such walls is such an obvious application of the 
equations and problems already solved in detail, no numerical illus- 
tration will here be given. 

Wind Bracing. The practical applications of the principles of 
reioforced concrete which have already been discussed, have been 
almost exclusively those required for sustaining vertical loads; but 
a structure consisting simply of beams, girders, slabs, and xx)lumns 
may fall down, like a house of cards, unless it is provided with lateral 
bracing to withstand wind pressure and any lateral forces tending 
to turn it over. The necessary provision for such stresses is usually 
made by placing brackets in the angles between posts and girders, 
as has been illustrated in Fig. 46. These brackets are reinforced 
with bars which will resist any tensile stress on the brackets. The 
compressive strength of concrete may be relied on to resist a tendency 
to crush the brackets by compression. Usually such brackets will 
occur in pairs at each end of a beam supported on two columns. 
If we consider that any given moment is to be divided equally between 
two brackets, then, if we are to have a working tension of 15,000 
pounds per square inch in the steel, and a working compression of 500 
pounds per square inch in the concrete, the area of the concrete must 
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be 30 times the area of the steel. But since the outer face of the con- 
crete will have practically twice the compression of the concrete at the 
angle of the beam and column, and since the maximum of 500 pounds 
per square inch must not be exceeded, we must have twice that area of 
concrete; or, in other words, the area of the concrete from the point of 
the angle down to the face must be 60 times the area of the steel. 

Although these brackets are frequently put in without any defi- 
nite design, it is possible to make some sort of computation, espe- 
cially when a building is directly exposed to wind pressure, by com- 
puting the moment of the wind pressure. For example, if a building 
is 100 feet long and 50 feet high, and is subjected to a wind pressure 
of 30 pounds per square foot, the total wind pressure will be 50 X 100 
X 30 = 150,000 pounds. Considering the center of pressure as 
applied at half the height, this would give a moment about the base 
of the building, of 150,000 X 25 = 3,750,000 foot-pounds = 45,000,- 
000 inch-pounds. If this 100-foot building had eight lines of columns 
with a pair of brackets on each line, and was four stories high, there 
would be 64 such brackets to resist wind pressure. Each bracket 
would therefore be required to resist ^\ of 45,000,000 inch-pounds, 
or about 700,000 inch-pounds. We shall assume that the bracket 
will have a depth of 25 inches, from the intersection of the center lines 
of the column and the beam to the steel near the face of the bracket. 
Then, since each bracket must withstand a moment of 700,000 inch- 
pounds, the stress in the steel will be 700,000 -5- 25 = 28,000 pounds. 
If the actual stress in the steel is 15,000 pounds per square inch, this 
would require 1.87 square inches of steel, which would be more than 
supplied by four |-inch square bars. If these brackets were 12 inches 
wide and 25 inches deep, the area of concrete is 300 square inches, 
which is 160 times the area of the steel. There is, therefore, an ample 
amount of concrete to withstand compression, on the part of those 
brackets which are subject to compression rather than tension. It is 
probable that the above calculation is excessive on the side of safety, 
since it is quite improbable that such a broad area would ever be 
subject to a pressure of 30 pounds per square foot over the whole area. 
The method of calculation also ignores the fact that the monolithic 
character of a reinforced concrete structure furnishes a very consider- 
able resistance at the junction of columns and girders, and that they 
should not by any means be ^considered as if they were "pin-con- 
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nected" structures, which would require that the whole of the lateral 
stiffening should be supplied by these brackets. Nevertheless tliese 
brackets must be designed according to some such method. 

COLUMNS 

Methods of Reinf orccirent. The laws of mechanics, as well as 
experimental testing on full-sized columns of various structural 
materials, show that very short columns, or even those whose length 
is ten times their smallest diameter, will fail by crushing or shearing 
of the material. If the columns are very long, say twenty or more 
times their smallest diameter, they will probably fail by bending, 
which will produce an actual tension on the convex side of the column. 
The line of division between long and short columns is practically 
very uncertain, owing to the fact that the center line of pressure of a 
column is frequently more or less eccentric lx*cause of irregularity 
of the bearing surface at top or bottom. Such an eccentric action 
will cause buckling of the column even when its length is not very- 
great. On this account, it is always wise (especially for long columns) 
to place reinforcing bars within the column. The reinforcing bars 
consist of longitudinal bars (usually four, and sometimes more with 
the larger columns), and bands of small bars spaced about 12 or 18 
inches apart vertically, which bind together the longitudinal bars. 
The longitudinal bars are used for the purpose of providing the 
necessary transverse strength to prevent buckling of the column. 
As it is practically impossible to develop a satisfactory theory on 
which to compute the required tensional strength in the convex side 
of a column of given length, without making assumptions which are 
themselves of doubtful accuracy, no exact niles for the sizes of the 
longitudinal bars in a column will l)e given. The bars ordinarily 
used vary from 2 inch sc^uare to 1 inch scjuare; and the numl)er is 
usually four, unless the column is very large (400 stjuare inches or 
larger) or is rectangular rather than square. It has bten claimed by 
many, that longitudinal bars in a column may actually be a source of 
danger, since the buckling of the bars outward may tend to disinte- 
grate the column. This buckling can be avoided, and the bars made 
mutually self-supporting, by means of the bands which are placed 
around the column. These bars are usually J-inch or ^-inch round 
or square bars. The specifications of the Prussian Public Works 
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for 1904 require that these horizontal bars shall be spaced a distance 
•not more than 30 times their diameter, which would be 7^ inches for 
J-inch bars, and 11} inches for |-inch bars. The bands in the colunm 
are likewise useful to resist the bursting tendency of the colundn, 
especially when it is short. They will also reinforce the column 
against the tendency to shear, which is the method by which failure 
usually takes place. The angle between this plane of rupture and a 
plane perpendicular to the line of stress, is stated to be 60°. If, 
therefore, the bands are placed at a distance apart equal to the 
smallest diameter of the column, any probable plane of rupture will 
intersect one of the bands, even if the angle of rupture is somewhat 
smaller than 60°. 

The unit working pressure permissible in concrete columns is 
usually computed at from 350 to 500 pounds per square inch. The 
ultimate compression for transverse stresses for 1:3:6 concrete has 
been taken at 2,000 pounds per square inch. With a factor of 4, 
this gives a working pressure of 500 pounds per square inch; but the 
ultimate stress in a column of plain concrete is generally less than 
2,000 pounds per square inch. Tests of a large number of 12 by 12- 
inch plain concrete colunms showed an ultimate compressive strength 
of approximately 1,000 pounds per square inch; but such columns 
generally begin to fail by the development of longitudinal cracks. 
These would be largely prevented by the use of lateral reinforcement 
or bands. Therefore the use of 500 pounds per square inch, as a 
working stress for columns which are properly reinforced, may be 
considered justifiable although not conservative. 

Design of Columns. It may be demonstrated by theoretical 

mechanics, that if a load is jointly supported by two kinds of material 

with dissimilar elasticities, the proportion of the loading borne by 

each will be in a ratio depending on their relative areas and moduli 

of elasticity. The formula for this may be developed as follows: 

C = Total unit compression upon concrete and steel in pounds per 
Kquare inch = Total load divided by the combined area of the con- 
crete and the steel; 
c =» Unit compression in the concrete, in pounds per square inch; 
8 = Unit compression in the steel, in pounds per square inch; 
p = Ratio of area of steel to total area of column; 

E 
r = — = Ilatio of the moduli of elasticity; 

tie 

U = Deformation per unit of length in the steel; 
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€c — Deformation per unit of length in the concrete ; 
ilg = Area of steel; 
ilc — Area of concrete. 

. The total compressive force in the concrete = A^y, c\ and that 
in the steel « A^ X s. 

The sum of these compressions = the total compression; and 
therefore, 

C (.4c + At) = Ac c ■\- At s. 

The actual lineal compression of the concrete = that of the steel; 
therefore, 

c _ » 
Ec ~ E^ ' 

From this equation, since r = ^r , we may write the equation re = s. 

Solving the above equation for C, we obtain : 

r — ^ e*C + At 8 

Substituting the value ot s = re, we have : 

-, , Ae + An r. .At + Ac—At + A^r. 

^°"^. .U+.4. )°^< I7TX >• 

If p = the ratio of cross-section of steel to the total cross-section of the 
column, we have: 

At 

A. 

Substituting this value of -i~/^ in the above equation, we may 

write : 

C = c (1 — p 4- pr) . 

Solving this equation for p, we obtain : 

--c-(7^) (>6) 

Example 1. A column is designed to carry a load of 160,000 
pounds. If the colunm is made 18 inches square, and the load per 
square inch to be carried by the concrete is limited to 400 pounds, 
what must be the percentage of the steel, and how much steel would be 
required? 

Answer. A column 18 inches square has an area of 324 square 
inches. Dividing 160,000 by 324, we have 494 pounds per square 
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inch as the total unit compression upon the concrete and the steel, 

which is C in the above fonnula. Assume that the concrete is 1:3:6 

concrete, and that the ratio of the moduli of elasticity (r) is therefore 

12. Substituting these values in Equation 16, we have: 

494 - 400 _ ^^. . 
P ■" 40b (12 -T) "■ ' ^^' 

Multiplying this ratio by the total area of the column, 324 square 
inches, we have 6.93 square inches of steel required in the column. 
This would very nearly be provided by four bars 1 J inches square. 
Four round bars 1^ inches in diameter would give an excess in area. 
Either solution would be amply safe under the circumstances, pro- 
vided the column was properly reinforced with bands. 

Example 2. A colunm 16 inches square is 'subjected to a load 
of 115,000 pounds, and is reinforced by four |-inch square bars beside 
the bands. What is the actual compressive stress in the concrete per 
square inch? 

Answer. Dividing the total stress (115,000) by the area (256), 

we have the combined unit stress C = 449 pounds per square inch. 

By inverting one of the equations above, we can write 

C 



c = 



I - p + r p 

In the above case, the four |-inch bars have an area of 3.06 square 
inches; and therefore, 

p-|g=.012;r=12. 

Substituting these values in the above equation, we may write: 

449 449 

' = f :^.0V2 + (.012 X-12) == ri32 = ^^^ ^"^^ ^' ^^"^'^ ^"'*^- 

The net area of the concrete in the above problem is 252.94 square 
inches. Multiplying this by 397, we have the total load carried by 
the concrete, which is 100,117 pounds. Subtracting this from 
115,000 pounds, the total load, we have 14,885 pounds as the com- 
pressive stress carried by the steel. Dividing this by 3.06, the area 
of the steel, we have 4,864 pounds as the unit compressive stress in the 
steel. This is practically twelve times the unit compression in the 
concrete, which is an illustration of the fact that if the compression 
is shared by the two materials in the ratio of their moduli of elasticity, 
the unit stresses in the materials will be in the same ratio. This unit 
stress in the steel is about one-third of the working stress which may 
properly be placed on the steel. It shows that we cannot economically 
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use the steel in order to reduce the area of the concrete, and that the 
only object in using steel in the columns is in order to protect the 
columns against buckling, and also to increase their strength by the 
use of bands. 

It sometimes happens that in a building designed to be struc- 
turally of reinforced concrete, the column loads in the columns of the 
lower stoiy may be so very great that concrete columns of sufficient 
size would take up more space than it is desired to spare for such a 
purpose. For example, it might be required to support a load of 
320,000 pounds on a column 18 inches square. If the concrete 
(1:3:6) is limited to a compressive stress of 400 pounds per square 
inch, we may solve for the area of steel required, precisely as was done 
in example 1. We would find that the required percentage of steel 
was 13.4 per cent, and that the required area of the steel was therefore 
43.3 square inches. But such an area of steel could carry the entire 
load of 320,000 pounds without the aid of the concrete, and would 
have a compressive unit stress of only 7,400 pounds. In such a case, 
it would be more economical to design a steel column to carry the 
entire load, and then to surround the colunm with sufficient concrete 
to fireproof it thoroughly. SinCe the stress in the steel and the con- 
crete are divided in proportion to their relative moduli of elasticity, 
which is usually about 10 or 12, we cannot develop a working stress 
of, say, 15,000 pounds per square inch in the steel, without at the same 
time developing a compressive stress of 1,200 to 1,500 pounds in the 
concrete, which is objectionably high as a working stress. 

Effect of Eccentric Loadings of Columns. It is well known that 
if a load on a colunm is eccentric, its strength is considerably less than 
when the resultant line of pressure passes through the axis of the 
colunm. The theoretical demonstration of the amount of this eccen- 
tricity depends on assumptions which may or may not be found in 
practice. The following formula is given without proof or demonstra- 
tion, in Taylor & Thompson's Treatise on Concrete: 

Let e = Eccentricity of load; 
h = Breadth of column ; 
/ = Average unit pressure; 

/' — Total unit pressure of outer fiber nearest to line of vertical 
pressure. 

Then, 

/' = /a + V) (<7) 
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As an illustration of this formula, if the eccentricity on a 12-inch 
column were 2 inches, we would have b = 12, and e = 2. Sub- 
stituting these values in Equation 17, we would have /' = 2/, which 
means that the maximum pressure would equal twice the average 
pressure. In the esrtreme case, where the line of pressure came to 
the outside of the colunm, or when e = ^b, we would have that the 
maximum pressure on the edge of the column would equal four times 
the average pressure. 

Any refinements in such a calculation, however, are frequently 
overshadowed by the uncertainty of the actual location of the center 
of pressure. A column which supports two equally loaded beams 
on each side, is probably loaded more symmetrically than a column 
which supports merely the end of a beam on one side of it. The 
best that can be done is arbitrarily to lower the unit stress on a column 
which is probably loaded somewhat eccentrically. 

STRENGTH OF TEE-BEAMS 

When concrete beams are laid in conjunction with overlying 
floor-slabs, the concrete for both the beams and the slabs being laid 
in one operation, the strength of such beams is very much greater 
than their strength considered merely as plain beams, even though we 
compute the depth of the beams to be equal to the total depth from 
the bottom of the beam to the top of 
the slab. An explanation of this 
added strength may be made as fol- 
lows: 

If we were to construct a very 
wide beam with a cross-section such 
as is illustrated in Fig. 53, there is 
no hesitation about calculating such 
strength as that of a plain beam 
whose width is 6, and whose effec- 
tive depth to the reinforcement is d. 
Our previous study in plain beams 

has shown us that the steel in the bottom of the beam takes care of 
practically all the tension; that the neutral axis of the beam is 
somewhat above the center of its height; that the only work of the 
concrete below the neutral axis is to transfer the stress in the steel to 




Fig. 53. Tee-Beam in Cross-Section. 
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the concrete in the top of the beam; and that even in this work it 
nuist be assisted somewhat by stirrups or by bending up the steel bars. 
If, therefore, we cut out from the lower comers of the beam two 
rectangles, as shown by the unshaded areas, we are saving a veiy 
large part of the concrete, with very little loss in the strength of the 
beam, provided we can fulfil certain conditions. The steel, instead 
of being distributed uniformly throughout the bottom of the wide 
beam, is concentrated into the comparatively narrow portion which 
we shall hereafter call the rib of the beam. The concentrated tension 
in the bottom of this rib must be transferred to the compression area 
at the top of the beam. We must also design the beam so that the 
shearing stresses in the plane (mn) immediately below the slab shall 
not exceed the allowable shearing stress in the concrete. We must 

also provide that failure 
shall not occur on account 
of shearing in the vertical 
planes {mr and ns) be- 
tween the sides of the beam 
and the flanges. In com- 
puting the conipression in 
the fibers in the upper part 
of the simple beam, it is assumed that all fibers at the same 
distance above the neutral axis are stressed equally. The same 
assumption is sometimes made when developing the formula for 
tee-beams. Such an assumption is substantially true in the case of 
the simple beam, but is practically untrue (and perhaps dangerously 
so) in the case of tee-beams with wide flanges. The maximum com- 
pression is evidently found immediately above the rib of the beam, 
while the compressive stress probably diminishes on each side of the 
rib. Fig. 54 gives a graphical representation of the diminution in 
intensity of pressure in the flange. When the distance between 
adjacent beams is comparatively great, there is probably (and in 
fact usually) a considerable portion of the slab between consecutive 
beams which is practically unaffected by the compression required 
for the top of each tee-beam. Since this compression is concentrated 
above the rib of each tee-beam, the work must be so designed that the 
maximum pressure (instead of the average pressure) does not exceed 
the safe working value. 



Fig. 54. • Graphical Representation of Diminution 
in Intensity of Pressure in Flange. 
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Let us consider a tee-beam such as is illustrated in Fig. 55. If 
we were to insert an excessively large amount of steel in the lower 
part of the rib, we could probably develop a compression in the flange 
which would require a very wide flange. But the beam would prob- 
ably fail by shearing along the horizontal plane immediately under 
the flange. In order to have the most economical design, Vhich 
means that the beam shall be equally strong in every respect, or, in 
other words, that it shall be equally liable to failure in several ways 
when loaded to its ultimate load, we must obtain a relation between 
the total compression in the flange and the required shearing strength 
in the rib immediately under the flange. In the lower part of Fig. 
55, is represented one-half of the length of the flange, which is con- 
sidered to have been separated from the rib. Following the usual 
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Fig. 56. Tee-Beam. 

method of considering this as a free body in space, acted on by 
external forces and by such internal forces as are necessary to produce 
equilibrium, we find that it is acted on at the left end by the abutment 
reaction, which is a vertical force, and also by a vertical load on top. 
We may consider P' to represent the summation of all compressive 
forces acting on the flange at the center of the beam. In order to 
produce equilibrium there must be a shearing force acting on the under- 
side of the flange. We represent this force by 5^. Since these two 
forces are the only horizontal forces, or forces with horizontal com- 
ponents, which are acting on this free body in space, P' must equal S^, 
Let us consider z to represent the ultimate shearing force per unit of 
area. We know from the laws of mechanics, that, with a uniformly 
distributed load on the beam, the shearing force is maximum at the 
ends of the beam, and diminishes uniformly towards the center, where 
it is zero. Therefore the average value of the unit shear for the half- 
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length of the beam, must equal ^ z. As before, we lepiesent the 
width of the rib by b. For convenience in future computations, 
we shall consider L to represent the length of the beam measured in 
feet All other dimensions are measured in inches. Therefore the 
total shearing force along the lower side of the flange, will be: 



5h= JfXfe X }LX12 = 362L 



(18) 



There is also a possibility that a beam may fail in case the flange 
(op the slab) is too thin; but the slab is always reinforced by bars 
which are transverse to the beam, and the slab will be placed on both 
sides of the beam, giving two shearing surfaces. Beams supporting 
a slab on only one side, should be computed as plain beams. There- 
fore, if we adopt the rule that the thickness of the slab should be at 
least one-half the width of the rib, or perhaps permitting the reduction 
to one-third of the width of the rib on account of the reinforcement 
which will tend to prevent shearing, we need not pay any further 
attention to the tendency to shear in vertical planes along the rib. 
Expressing the above condition algebraically, we shduld say: 



f > } 6, or 6 < 3 f. 



(19) 



H 



-b' 



TT 



it 



I: 



® 



T 



I 



The summation (P') of the horizontal forces in the flange of the 

beam, is computed as follows: 

It is assumed that the diminution of pressure from the upper 

fibers downward follows the usual law as already developed for simple 

beams. It is also assumed that 
the pressure on the fibers in any 
horizontal plane through the 
flange will also vary as the ordi- 
nates of a parabola. This is 
practically the equivalent of say- 
ing that the total pressure on the 
rectangle mnvs (see Fig. 56) is 
tvxMhirds of what it would be if 
mnvs were part of a simple 
beam, with width V and effective 
depth d. We shall first compute 

the total pressure on the rectangle mnop, calling it two-thirds ot the 

pressure on mnop, if it be a simple beam, and then subtract from it 



Fig. 56. 
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the pressure on vsop, computed on the same basis. We may apply 
Equation 5 directly for the rectangle mnop, and say that: 



2 7 
Pressure on win d p« — X t^ X c* h' yu 

o 1 ^ 



For t;9op we must apply Equation 4, since, for the fibers in the plane 

2 p s 2 y. 
V8f q is not f , but is ^- — - ^ — . Substituting this value of g in 

MT if \ 

Equation 4, we have: 

I>r«mi.o„...p-|x|{l--|||-)| jllVt',, : 

The pressure (P*) on the rib between the flange and the neutral axis, 
is computed on the basis that the pressure on all fibers in any one 
horizontal plane is uniform (as in the case of simple beams), but that 

2 v 

q is the same as above, — --. Applying Equation 4, we have: 

3 Hi 

-\<^-lf;)f: ■ (2') 

It has already been shown in a previous section, that the allow- 
able unit intensity of the shear, even for ultimate loads, equals 

c' _ 
^ ~ 6.928 • 

Substituting this value in Equation 18, we have: 

For greater convenience in numerical calculation, and especially 
in view of the uncertainty of the value and the excessive margin 
allowed, this ratio is placed at the round value: 
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We may then place this value equal to the value of P' in Equation 
20, and solve for b'l 

-■-*l-,'.».-K-llr)>'fi=l-'^ 



bL 



9 J 7 1 / 2 y, \ </,M • 



hL 



(22) 



When the neutral axis is at or near the bottom of the slab, it is 
practically correct to say that: 

7 

If the beams are very deep, and the neutral axis is as far below the 
slab as the thickness of the slab, such an approximate value would be 
about 30 per cent too small. 

Area of Steel. The required area of steel equals the total com- 
pression in the concrete, divided by s. Therefore, 



A - 



p/ _j. p, 






(23) 



Moment of Section. The ultimate moment of the cross-section 
of a simple beam depends only on the dimensions of the cross-section. 

This would also be true of 
tee-beams, except for the 
fact that under some con- 
ditions the beam might fail 
by shearing under the 
flange; and the above 
theory provides for those 
conditions, by determining 
the pressure (P') as a func- 
tion of the length of the 
beam (L). The determin- 
ation of the precise points 
of application of the two 




Fig. 67. 



forces P' and P^, is a very complicated mathematical problem. There 
is no material error in assuming that P' is applied at the middle of the 
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slab height, and that P^ is applied at | of the height y,. By taking 
moments about the center of gravity of the steel, we eliminate the 
steel tension from the equation, and have the equation : 

-6j±..(.-l,).f (.-2|;)|;'(„.^.e,.)j(24) 

Design of Tee-Beams* Although Equations 22, 23, and 24 are 

the only equations which are essential to design tee-beams, the work 
is very tedious without the use of tables, since the equations involve 
unknown quantities which must be assumed first, and then tested 
whether the dimensions are mutually satisfactory. For any one grade 
of concrete, k has the same value as already figured for simple beams, 
and therefore for a beam of any assumed depth (say, d),kd, which in 
these calculations has been abbreviated to y,, becomes known; 
y^= (d — kd), and y, = (y^ — t). In any given numerical case, 
the thickness of the slab (t) is first computed on the basis of the floor 
load to be carried between beams spaced at a chosen distance apart. 

We must then compute the weight of the live load on the panel 
whose area is the product of the span of the beam and the distance 
between beams. Adding to this an estimate for the dead weight of the 
floor, and multiplying the total load by 4, we have the ultimate load 
on one tee-beam. We then make an estimate of the probable required 
depth (d) of the beam. Knowing the quality of the concrete, we 
know the ratio k, which determines the position of the neutral axis; 
and we may then compute y^ y,, and y, as explained above. We also 
know the span L and the ultimate compressive strength of the con- 
crete c\ Substituting all of these quantities in Equation 24, b is the 
only unknown quantity; and therefore we may solve the equation for 
b, which is the required width of the beam. We must apply two checks. 
In the first place, b must not be greater than three times the slab 
thickness (t). Also the breadth b\ as computed from Equation 22, 
must not be greater than the distance between consecutive tee-beams. 

Even though these two checks are satisfactory, it is quite possible 
that a recalculation should be made for a beam of greater or less 
depth, in order that the breadth b shall bear a more satisfactory pro- 
portion to the depth d. Of course, an increase in the depth d will 
result in a decrease in the computed width 6, and vice versa. 
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Having satisfactorily settled on the depth d and the corresponding 
width b, we can determine the area of the steel from Equation 23. 
All of the quantities on the right-hand side of Equation 23 are known, 
and the area may therefore be computed directly. As in the case of 
simple beams, the bars should be bent upward at an angle of 45^, 
as illustrated in Fig. 45. It will add considerably to the shearing 
strength in the horizontal plane immediately underneath the slab, 
if the bars which are bent upward are allowed to penetrate the slab, 
and are then bent so as to run horizontally for the remainder of their 
length within the slab. Of course this will occur only near the ends 
of the beams, where the shear immediately under the slab has its 
maximum value. 

Numerical Example. Let us assume that a flooring for a build- 
ing 20 feet wide is to be made of a 1 :3:6 concrete floor-slab supported 
by concrete beams spaced 8 feet apart from center to center. We 
shall assume that the floor is to carry a live load of 150 pounds per 
square foot. An experienced man will know that a 5-inch slab will 
probably answer the purpose, and that this slab will weigh about 12 
pounds per square foot per inch of thickness of the slab, or about 60 
pounds per square foot. In this case, we shall obtain the ultimate 
loading by adopting the frequent practice of multiplying our live 
load (150) by 4, and our dead load (60) by 2, this giving 720 pounds 
per square foot ultimate load. With a span of 8 feet, and on a strip 
1 foot wide, we have a total ultimate load of 720 X 8 = 5,760 pounds. 
We therefore have, for the ultimate moment: 

, , TFo I 5,760 X 96 ar^^of^ • u i 

Afo = — ^— = — Q — 69,120 men-pounds. 

Using Equation 13, which is applicable in this case, we have: 

397 6 rf2 = 69,120; 
b(fi= 174 

But 6 = 12 inches; therefore cP = 14.5, and d = 3.8.inches. 
Therefore a 5-inch slab, with the bars 1 inch from the bottom, has a 
slight excess of thickness. The required area of steel equals .0084 
6 d = .0084 X 12 X 3.8 = .383 square inches per foot of width. 

This equals .032 square inch per inch, which will require J-inch 
bars, to be spaced 8 inches. The. student should compare these 
results with those which may be derived directly from Table XI. 
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We have figured an ultimate load of 720 pounds per square foot 
for the floor-slab. In figuring the ultimate load for the tee-beam, 
we must add something for the dead weight of the beam itself. Of 
course this depends on the size of the beam, which is still an unknown 
quantity. It is usually found that the added amoimt of concrete in 
the beam underneath the slab is the equivalent of an added inch or two 
of thickness over the entire area of the slab. At 12 pounds per 
square foot per inch of thickness, this will add 12 or 15 pounds per 
square foot to the dead load. Multiplying this by 2 for factor of 
safety, we have, say, 30 pounds additional, and we may therefore say 
that the ultimate load per square foot for the beam shall be considered 
in this case 750 pounds rather than 720. Therefore, on the span of 
20 feet, and with 8 feet between the beams, each beam must support 
an ultimate load of 8 X 20 X 750 = 120,000 pounds. Then, 

Afo - ^'*- 120,000 X 240 + 8 - 3,600,000 inch-pounds. 

o 

We must substitute this value of M^ in Equation 24, and obtain 
the dimensions of the beam. This can be done only by assimiing 
some value for the depth of the beam, and solving for b. We shall 
commence with the assumption that d = 15 inches. Using 1:3:6 
concrete, k » .395; and kd therefore equals in this case 5.92 inches. 
This gives us the value y^ = 5.92; and since y^ + y2 = ^i ^en y, = 
9.08; y, = yi - « = 5.92 - 5.00 = 0.92; c' = 2,000; L, which is the span 
in /66<,= 20. This determines all the quantities in Equation 24 except 
the value b. Substituting these quantities in Equation 24, we have: 

6J^X2,OOOX20(16-2.6)+|x2,OOOx(l-§,4y ^'1(9.08 + 
.6 X .92) I - 3,600,000 ; 

b I 222,222 + 1,500 ( 1 - .034) .143 X 9.63 [ = 3,600,000 ; 

h (222,222 + 1,992) - 3,600,000 ; 
. 3,600,000 , ^ ^ . , 

^" 224,214 -lgQ"^<^h««- 

But this trial value of b is greater than three times the thickness of 
the slab. It is also greater than the depth of the slab to the rein- 
foroementy which shows that it is not an economical design, even if it 
fulfilled the other condition. We must therefore use a deeper beam. 
We shall accordingly make another trial with d = 17 inches. The 
student should work this out in detail, the calculation being very 
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similar to that given above; and it will be found that b then = 13.6 
inches. This being a suitable width for d = 17 inches— or a total 
depth of, say, 19 inches, or 14 inches under the slab — this combination 
of breadth and depth will be accepted. 

The required area of the steel can now readily be found by a 
direct application of Equation 23, since all the symbols on the right- 
hand side of the equation have now become known quantities. Mak- 
ing these substitutions, which tlie student should work out in detail, 
we find that the required area equals 4.55 square inches. This can 
be furnished by six J-inch square rods (area 4.59 square inches) or 
by eight J-inch square rods (area 4.50 square inches). Probably 
the eight J-inch rods would be tlie better choice, in spite of the slight 
deficiency in area, since it gives a better distribution of the metal, 
and furnishes a greater number of bars which may be turned up near 
the ends of the beam. 

The student should work out still another combination of values 
for the above case, on the basis that d = 19 inches. He should find 
in this case that b will be 11.6 inches, but that the amount of steel 
required will be only 4.00 square inches. Although the amount of 
concrete will be very nearly the same in these last two solutions, the 
last method requires less steel, and is therefore more economical. 

Shear. The theoretical computation of the shear of a tee-beam 
is a veiy complicated problem. Fortunately it is unnecessary to 
attempt to solve it exactly. The shearing resistance is certainly far 
greater in the case of a tee-beam than in the case of a plain beam of 
the same width and total deptli and loaded with the same total load. 
Therefore, if the shearing strength is sufficient, according to the rule, 
for a plain beam, it is certainly suflScient for the tee-beam. In the 
above numerical case, the total ultimate load on the beam is 120,000 
pounds. Therefore the maximum shear (V) at the end of the beam, 
is 60,000 pounds. With this grade of concrete, d — a: = .86 rf. For 
this beam, d = 17 inches, and b = 13.6 inches. Substituting these 
values in Equation 15, we have: 

V 60,000 oAo J • u 

" - ^d^TT) " iTeoTsex 17 " ^^^ p^^°^« ^' ^^^^"^ ^"^- 

Although this is probably a very safe ultimate stress for direct shearing, 
it is 50 per cent in excess of the allowable direct ultimate tension due 
to the diagonal stresses; and therefore ample reinforcement must be 
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provided. If only two of the f-inch bars are turned at an angle of 
45° at the end, these two bars will have an area of 1.12 square inches, 
and will have an ultimate tensile strength (at the elastic limit of 
55,000 pounds) of 61,600 pounds. This is more than the ultimate 
total vertical shear at the ends of the beam; and we may therefore 
consider that the beam is protected against this form of failure. 

Tables for Computation of Tee-Beams. The above computation 
has purposely been worked out in detail in order thoroughly to explain 
every feature of the solution. If it were necessary to adopt identically 
the same method for the design of every tee-beam, the work would be 
very tedious. Fortunately the work may be very greatly simplified 
by solving Equations 22, 23, and 24 for some one grade of concrete 
and for various depths of beams. Such tables are illustrated in 
Tables XI to XIV inclusive. They are all worked out on the 
basis of the use of 1:3:6 concrete. Their use may be illustrated as 
follows: 

Assume that a flooring having a span of 18 feet is to be supported 
by a 4-mch slab and by tee-beams spaced 6 feet apart, the working 
load being 150 pounds per square foot. 

We shall compute, as before, an ultimate floor loading of 725 
pounds per square foot, and the ultimate moment on one panel to be 
supported by one tee-beam of 2,349,000 inch-pounds. As a trial, we 
shall assume cf = 14 as the proper depth. In Table XI, opposite 
d = 14, we find ultimate moment = b (5,596 + 10,667 L). Mul- 
tiplying 10,667 by 20, and adding 5,596, we have 218,936. Dividing 
this into 2,349,000, we have lOJ inches as the required width 6. 
This being a proper proportion, it may be adopted. Substituting 
this value of b in the expression on the same line for "area of steel," 
we have : 

Area of steel - 10.75 ( .0108 + .0162 X 20) = 3.60 square inches of 
steel. 

As a check, V = .227 b I = .227 X 10.75 X 20 = 48.8 inches. But, 
since the beams are spaced 6 feet (or 72 inches) apart, there is ample 
width of slab between each beam. The ultimate shear at the end of 
the beam is 39,150 pounds. Applying Equation 15, we have in this 
case {d - a:) = .86 d = 12.04 inches. Then, 

39 150 
V - 10 75X 12 04 ^ ^^^ pounds per square inch. 
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We may consider this as the diagonal tension in the end of the beam, 
which shows that it must be amply reinforced either by stirrups or 
by some of the reinforcing bars being bent up diagonally at the ends. 

TABLE XI 
Tee-Beams — 1:3:6 Concrete — 4-inch Slabs 



d 


ULTiiiATB Moment — M^ 


Area of Steel — A 


bf 


11 


h{ 


; . 269 + 8,000L) 


6( .0007 + .0162L) 


.265 bL 


12 


&( 


[ 1289 + 8,889L) 


6( .0030 + .0162L) 


.248 bL 


13 


&< 


' 3035 + 9,778L) 


6( .0064 + .0162L) 


.236 bL 


14 


b{ 


; 5596 + 10,667L) 


6( .0108 + .0162L) 


.227 bL 


15 


b{ 


; 8868 + 11, 556 L) 


6( .0157 + .0162L) 


.221 bL 


16 


hi 


; 12993 + 1 2,444 L) 


6( .0213 + .0162L) 


.215 bL 


17 


b{ 


; 17807 + 13,333L) 


b ( .0272 + .0162L) 


.211 bL 


18 


&( 


; 23502 + 14,222L) 


b( .0335 + .0162L) 


.207 bL 


19 


b{ 


; 29865 + 15,1 11 L) 


6( .0399 + .0162L) 


.203 bL 


20 


b{ 


; 37133 + 16,O0OL) 


6( .0467 + .0162L) 


.201 bL 


22 


b{ 


; 53884 + 1 7,778 L) 


6( .0608 + .0162L) 


.196 bL 


24 


bi 


: 73755 4- 19,556L) 


6 ( .0754 + .0162L) 


.193 bL 



TABLE Xll 
Tee- Beams— 1 : 3 : 6 Concrete— 5 -Inch 51abs 



d 


ULTiiiATB Moment — M^^ 


Area of Steel — A 


6' 


13 


6 ( 42 + 9,333L) 


6( .0001 + .0162L) 


.223 bL 


14 


6 ( 655 + 10,222L) 


6( .0014 + .0162L) 


.209 bL 


15 


6( 2,014 + 11,111L) 


b( .0038 + .0162L) 


.199 bL 


16 


6 ( 4,130 + 12,000L) 


b ( .0072 + .0162L) 


.191 bL 


17 


6( 7,012 + 12,889L) 


bi .0113 + .0162L) 


.185 bL 


18 


b ( 10,665 + 13,778L) 


6 ( .0160 + .0162L) 


.180 bL 


19 


6 ( 15,093 + 14,667L) 


6( .0211 + .0162L) 


.175 bL 


20 


b ( 20,297 + 15,556L) 


6 ( .0267 + .0162L) 


.172 bL 


22 


b ( 33,043 + 17,333L) 


6( .0387 + .0162L) 


.166 bL 


24 


b{ 48,909 + 19,111L) 


6( .0517 + .0162L) 


.162 bL 


26 


b ( 67,895 + 20,889L) 


b ( .0654 + .0162L) 


.159 bL 


28 


b ( 90,003 + 22,667 L) 


6( .0796 + .0162L) 


.156 bL 



TABLE XUI 
Tee- Beams— 1 :3: 6 Concrete— 6-Inch Slabs 



d 


Ultimate Moment — Mo 


Area of Steel — A 


5' 


16 


6( 237 + 11,556L) 


b( .0004 4- .0162L) 


.181 bL 


17 


6( 1,195 + 12,444L) 


b{ .0020 4- .0162L) 


.173 bL 


18 


6 ( 2,900 -1- 13,333L) 


6( .0046 + .0162L) 


.166 bL 


19 


b I 5,362 + 14,222L) 


6( .0079 + .0162L) 


.160 bL 


20 


6( 8,590 + 15,111 L) 


6( .0118 + .0162L) 


.156 bL 


22 


6( 17,358 4- 16,889L) 


b( .0206 + .0162L) 


.148 bL 


24 


b ( 29,228 4- 18,667 L) 


b{ .0320 + .0162L) 


.143 bL 


26 


b{ 44,212 4- 20,444L) 


6( .0439 -1- .0162L) 


.139 bL 


28 


6 ( 62,313 + 22,222L) 


6( .0567 + .0162L) 


.136 bL 


30 


6 ( 83,536 4- 24,0O0L^ 


6( .0701 + .0162L) 


.134 bL 


32 


b ( 107,882 -1- 25,778 L) 


6( .0841 4- .0162L) 


.132 bL 
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TABLE XIV 
Tee-Beams— 1 : 3 : 6 Concrete— 7-Inch Slabs 



d 


Ultimate Moment — M^ 


Abea of Steel — A 


fc' 


18 


b( 28 + 1 2,889 L) 


b ( .0000 + .0162L) 


.161 bL 


19 


6 ( 592 + 13,77SL) 


6 ( .0009 -1- .0162L) 


.153 bL 


20 


b ( 1,895 + 14,667 L) 


6( .0027 + .0162L) 


.147 bL 


22 


b ( 6,756 + 1 6,444 L) 


6( .0086 + .0162L) 


.138 bL 


24 


b ( 14,672 + 18,222L) 


6( .0164 + .0162L) 


.131 bL 


26 


b ( 25,676 4- 20,000L) 


6( .0266 + .0162L) 


.127 bL 


28 


6( 39,783 + 21, 778 L) 


6( .0373 + .0162L) 


.123 bL 


30 


b ( 57,003 + 23,556L) 


6( .0492 + .0162L) 


.120 bL 


32 


b ( 77,342 + 25,333 L) 


b( .0618 + .0102L) 


.118 bL 


34 


6(100,802 + 27,1 IIL) 


b( .0750 + .0162L) 


.116 bL 


36 


6 ( 127,383 + 28,889L) 


b ( .0888 + .0162L) 


.114 bL 
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STEAM BOILERS AND CONNECTIONS 

^ Small Cast-iron Boilers. For small low-pressure steam heating 
jobs, boilers made up of very few sections are used. Two types are 
illustrated in Figs. 1 and 
2. The ratings of such 
toilers range, as a rule, 
from about 200 square 
feet to 800 square feet. 
These figures and those 
following are intended 
to give merely a general 
idea of the capacities of 
boilers of various types. 
There is no hard and fast 
rule governing the mat- 
ter, manufacturers vary- 
ing greatly in their prac- 
tice. The ratings men- 
tioned are given in the 
number of square feet of 
direct radiation the boiler 
is rated to supply, with 
steam at from 3 to 5 
pounds* pressure when 
the radiators are sur- 
rounded by air at 70° F. 
Boilers similar, in a 
{]^neral way, to the one 
illustrated in Fig. 3 are 

... 1 1 , Fig. 1. Small Low- Pressure Steam Ileatinir Boiler. 

used for jobs somewhat 

larger than the boilers above described would be adapted to. These 
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boilers have grates ranging generally from 18 inches to 36 inches 
diameter, and are rated from about 300 square feet to 1,600 square 
feet, or more. 

The boilers above described have the disadvantage of not being 
capable of having their grate surface increased by adding sections, as 
may readily be done with boilers having vertical sections. 

Cast-iron Boilers with Vertical Sections. Boilers for jobs having 




Fig. 2. Small Low-Pressure Steam Heating Boiler. 

anywhere from 500 to 5,000 square feet of surface, or more, are made 
up of vertical sections, as in Fig. 4, connected either by slip nipples or 
by drums and nipples with long screws and lock-nuts. 

Very many slip-nipple boilers are now being manufactured, find- 
ing favor with fitters owing to the ease with which they can be erected. 
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The larger sizes of vertical sectional boilers are often made up tA 
two sets of sections placed opposite each other, as shown in Fig. 5. 
Such boilers are rated up to 6,000 square feet and over. 

Arrangeinent of Grates. Certain makers, in order to avoid mak- 
ing patterns for a boiler 
with a wide grate, secure 
the necessaiy grate sur- 
face by adding to the 
length. For ordinary 
low-pressure heating, the 
efficiency of any grate 
over 6 feet in length 
falls off very rapidly, 
owing to the difficulty of 
properly caring for the 
fire. Six feet should be 
considered about the 
limit for the length of a 
grate in a low-pressure 
boiler. 

Not long ago few 
portable boilers with 
grates wider than 36 
inches were manufac- 
tured. Now, boilers with 
42-inch, 4S-inch, and 
even wider grates, are 
common. 

Selection of Boilers. 
It is well in selecting a 
boiler, to see that the 
proportion of heating 
surface to grate surface 
is not less than 16 to 1, 
and in large boilers not '^■'- steam Heftting boUm. 

less than 20 to 1 ; that the fire-box is deep, so that ample coal may 
be put on to bum through the night; that the grate is not too long 
for convenient firing and cleaning; that there is ample steam space; 
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and that the water line is not broken into too many small areas involv- 
ing the likelihood that water will be lifted by rapid evaporation and 
wet steam result. See to it, also, that the ash-pit is deep, and that 
the grate is of a design that will permit convenient operation of the 
boiler. 

On large jobs, it is better, as a rule, to use two boilers. One 
must remember that a plant must be designed for the coldest weather; 
and since the average 
temperature during the 
heating season is, in 
many Northern sections, 
not far from 40", one of 
a pair of boilers will be 
sufficient under average 
conditions to do the 
work with economy; 
whereas a single, large 
boiler, during a good 
part of the heating sea- 
son, would have to be 
run with drafts checked 
an<l under very unfavor- 
able conditions as to 
economy. It is almost 
as poor economy to have 
too large a boiler as to 

Plg.4. S«amHe«lnB Boner with Vertl™lS«-.lons. ^ave One' tOO Small, for, 

if run with the feed-door open or drafts closely checked, incom- 
plete combustion takes place. 

Boilers for Soft Coal. Some boilers for burning soft coal are 
arranged with a perforated pipe or duct dischai^ing heated air above 
the fire to make the combustion more complete and thus diminish the 
amount of smoke given off. This arrangement is of somewhat doubt- 
ful utility, since it is difficult to heat the air properly, and to regulate 
its admission. 

It is net^essary, for soft coal boilers, that the flues and smoke-pipe 
be lai^r than for hard coal heaters, in order to provide for the more 
rapid accumulation of soot. Soft coal boilers are also built on the 
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down-draft principle, the air being drawn down through the fire in- 
stead of passing upward in the usual manner. 

Coke Boilers. Colce is a popular fuel in some parts of the coun- 



>tl SecUonal Boiler. 



try; and certain makers are putting out specially designed boilers 
foi- this senice, having a very deep fire-box. 

BoiW Setting and Foundations. Brick setting of boilers, as 



pig. B. Boiler In Brick Setting, 

in the case of furnaces, has been quite generally discarded, except 
in cases where the space around and above the boiler is used as a cen- 
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tral heating chamber for indirect systems, the radiators being placed 

above the heater (see Fig. 6). The pipes lead off as in^fumace heating. 

The ash-pits under most boilers are rather shallow; therefore 




Fig. 7. Pit for Collection of Hot Ashes. 

it is a good plan to excavate and build a pit not less than 4 to 6 inches 
below the floor, to give additional space for the collection of hot ashes, 
thus avoiding the burning-out of grates. Such pits should be built 

preferably of brick, and the 
bottom should be paved with 
bricks on edge, to prevent 
their being easily dislodged. 
Fig. 7 shows the general ar- 
rangement of an ash-pit built 
as described. 

Boiler Connections. Small 
jobs frequently have no stop 
valves at the boiler. In the 
case of larger ones, or where 
there are two boilers, valves 
in the supply mains must al- 
ways be accompanied with 
check valves in the returns; 
otherwise, in case a stop valve 
in the main steam line is 
closed, the water will be 
backed out of the main returns 
at the boiler, by the pressure. Should the water partially leave the 
boiler in this manner and then suddenly return, the water coming in 
contact with the heated sections will crack them. 

A stop valve should be placed between the boiler and the check 
valve in the return. A typical arrangement of return, etc., is shown 




^tfain return tn (tuct 

Fig. 8. Typical Arrangement of Return, 
Showing Check Valve. 
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in Fig. 8. It is convenient to have an independent drain connection 
from, the returns to provide for drawing off the water in the system 
without emptying the water from the boiler. The latter, of course, 
has its independent blow-off cock. The water sn^ilj to the boiler 
should be controlled by a lock-diidd valve or a cock Ihat cannot be 
tampered with by any person not in chaige. Boilers having ^ht 
sections or more, as a rule, have two or move steam outlets, thus re- 
ducing the likelihood of the boiler priming or making wet steam, anoe, 
with a single outlet, the veloctly of steam through it may be so great 
that the water is picked up and carried into the pifMng system. 




Main 
Return 



Fig. 9. Method of Coimectiiig Two Boilers. 



When two boilers are to be connected, especial care must be taken 
to make them maintain an even water line when working together. 
Fig. 9 shows a method of making these connections that is simple and 
effective. The valved connection between the two boilers, below 
the water, gives free communication between them, making them work 
as one and preventing a difference in the water level in the two boilers. 
The equalizing pipe is often omitted, the header b^g made about 
twice the diameter of the pipes leading to it from the boilers. 

The returns are connected with the twin boilers practically as 



141 



8 STEAM AND HOT WATER FITTING 

shown in Fig. 8, the check valve being placed between the stop valve 
of each boiler and the main return. 

Boiler Fittings or Trimmings. It is important to have a reliable 
safety-valve, preferably one of the "pop" type specially designed for 
steam heating systems. 

The damper regulators used are of the ordinary diaphragm pat- 
tern, and should be connected by chains with both the lower draft door 
below the grate, and with the cold-air check in the smoke connection. 

The steam gauge with siphon, the water column, water gauge, 
gauge cocks, etc., require no special description. 

Capacity of Boilers. Boiler capacities are commonly expressed 
in the number of square feet of direct radiating surface they will supply 
without undue forcing. ^Mains and risers should, of course, be added 
to the actual amount of surface in the radiators and coils. Even if 
the pipes are covered, a small allowance should be added to the com- 
bined surface of the radiators. Not less than 50 per cent, and pre- 
ferably 60 per cent, must be added to indirect radiation, to reduce it to 
equivalent direct radiation; and not less than 25 to 30 per cent to di- 
rect-indirect radiation, to get its equivalent in direct surface. Another 
point to be kept in mind in selecting a boiler for heating rooms to be 
kept at different temperatures, is that more heat is given off per square 
foot of radiation in a room at 50°, for example, than in a room kept 
at 70°, the amount given off being approximately proportional to the 
difference in temperature between the steam and the air. With steam 
at, say, 220°, corresponding to a trifle over 2 pounds' pressure, the 
difference, in the case assumed, would be 220°-50° = 170°,and 220°- 
70° = 150°. That is, the actual amount of radiation in the rooms 
to be kept at 50° should be multiplied by \}^ to ascertain the amount 
of radiation in a 70° room that would give off the same amount of heat. 

It is common practice to allow roughly for the loss of heat from 
uncovered mains, branches, and risers, by adding about 25 per cent to 
the actual direct radiating surface in radiators and coils. 

Example. What should be the capacity of a boiler to supply 
steam to 1,000 square feet of direct radiation in a room to be kept at 
70°, to 800 square feet of indirect radiation; and to 1,500 square feet of 
direct radiation, in rooms to be kept at 50° F.? 
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Direct radiation 1,000 sq. ft. 

Equivalent in direct radiation of 800 sq. ft. of 

indirect = 800 X li = 1,200 " " 
Equivalent in direct radiation, in rooms at 70°, of 1,500 sq. ft. 

in rooms at 50° = {{ X 1,500 = 1,700 



tt tt 



Total equivalent P. R. S. (direct radiating surface) exposed 

in 70° air = 3,900 sq. ft. 
Add 25 per cent of actual surface to allow approxi- 
mately for piping = 825 " " 

Total equivalent D. R. S., or Boiler Rating = 4,725 sq. ft. 

Orate Surface and Heating Capacity. It is advisable always to 
check the catalogue ratings of boilers as follows, when selecting one 
for a given service: 

Suppose the Direct Radiating Surface, including piping, is 3,000 
square feet. One square foot, it may be assumed, will give off about 
250 heat units in one hour — ^a heat unit being the amount of heat 
necessary to raise the temperature of 1 pound of water 1 degree Fahren- 
heit. A pound of coal may safely be counted on to give off to the water 
in the boiler 8,000 heat units. Now, 3,000 sq. ft. x[250 heat units 
-7- 8,000 heat units, gives the amount of coal burned per hour; and this, 
divided by the square feet of grate, gives the rate of combustion per 
square foot per hour. Suppose in this case, the grate has an area of 

. , 3000 X 250 ^ ^, J , L J 

15 sq. ft. ; then qaaa y i c" *" 6.25 pounds coal burned per square foot 

of grate surface per hour. This is not a high rate for boilers of this 
size, though for ordinary house-heating boilers the rate should not 
exceed 5 pounds; and for small heaters having 2 to 4 square feet of 
grate, the rate should be as low as 3 to 4 pounds per square foot of 
grate per hour. Otherwise, more frequent attention will be required 
than it is convenient to give to the operation of such small boilers. 
This is where depth of fire-box plays an important part, for, with a 
shallow fire, the coal quickly bums through, necessitating frequent 
firing. 

Coal Consumption. For house-heating boilers a fair maximum 
rate of combustion is 5 pounds per square foot of grate per hour. In 
many residences it is the custom to bank the fire at night, when the 
rate will fall to, say, 1 pound. In cold weather, then, one square foot 
of grate would burn 5 pounds of coal for each of 16 hours, and 1 pound 
during each of the remaining 8 hours, a total of 80 + 8 = 88 pounds. 
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In many sections of the country, the average outside temperature dur- 
ing the heating season is about 40^; and since the heat required is 
proportional to the difference in temperature between indoors and 

outside, the average coal consumption would be only ^^^ ^ ^ = f of 

the maximum in zero weather. 

With a heating season of 200 days, the coal burned on one square 
foot of grate would be 200 X ^ X 88 « 7,600 pounds in round num- 
bers, corresponding to an average rate throughout the season of 

7,600 pounds 
200 days X 24 hrs. " ^'^ P^""^' approximately. 

A method of approximating the coal consumption for a given 
amount of radiating surface, designed to maintain a constant tem- 
perature in rooms of 70° day and night, would be to multiply the 
surface (which, for example, take at 1,000 square feet, including 
allowance for mains) by 250 heat units — ^the amount given off by a 
square foot per hour — and then multiply the product by f , as explain- 
ed above, to allow for average conditions. This gives 1,000 X 250 
X ^, which, divided by 8,000 heat units per pound of coal, gives the 
weight of coal required per hour; and this, multiplied by the hours 
per season, gives the total consumption. 

Non-Conducting Coveriiijcs. It is customary to cover cast-iron 
sectional boilers with non-conducting material composed as a rule 
chiefly of asbestos or magnesia applied in a coating 1^ to 2 inches thick, 
the exterior being finished hard and smooth. 

Exposed basement piping in first-class work is covered with sec- 
tional covering f inch to 1 inch thick, according to the diaracter of 
the work. 

The loss of heat through fairly good coverings, is not far from 
20 per cent of the loss from a bare pipe, which, with low-pressure 
steam, is approximately 2 heat units per square foot per hour for each 
degree difference in temperature between the steam and the surround- 
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STEAM RADIATORS AND COILS 

Direct Radiators. The commonest forms of radiators to-day 
are the cast iron vertical loop varieties, types of which are shown 
in Figs. 2 and 13 in Part I (Heating and Ventilation). These are 
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made up with slip-nipple or screw-nipple connections, the st&ndard 
height being about 36 to 38 inches. 

It is, of course, advisable to use radiators of standaid height when 
possible, since they are cheaper than the lower radiators, which must 



Fig. 10. Low BtOtXtOI to be PltMed B«low Window SUL 

be used when placed below window silk (see F^. 10). Single-column 

radiators are more effective than those having a greater number of 

vertical loops, since in the latter the air flow is retarded and the 

outer loops cut off the radiant heat 

from the inner ones. Radiators with 

four or more columns are generally 

used where the length of the space 

in which they must be placed is 

limited. 

Wall radiators (see Fig. 4, Part 
I, Heating and Ventilation) have 
become very popular because of 
their neat appearance and the small 
distance they project into the room. 
They are very effective heaters, and, 
although more expensive than cer- 
tain other ^pes of cast-iron radia- 
tors, less surface is required, which 
tends to offset the increased cost. These radiators are made up in 
such a variety of forms that they can be adapted to almost any 
locaUon. 

Concealed Radiators. A favorite method of concealing radiators 
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is to place them below window-sills, with a grating or register face in 
front of and above them, as shown in Fig. 11. By this arrangement, 
the radiant heat is to a great extent cut off. The gratings must have 
ample area to permit the free circulation of air, and should have not 



Plg.lZ. RadlatortornsewllhoutOrHtttigs. 

less than 2 or 2\ square inches of free area to each square foot of 
radiating surface, for inlets and outlets respectively. It is advisable 
to increase these allowances slightly when possible. 

The same rule applies to radiators placed below seats. A radia- 




Flg. 13. Hook Plates. Fig. 1*. Expansion Plates. 

tor designed specially for thb purpose, for use without gratings, ia 
shown in Fig. 12. 

Wall Coils. An ordinary wall coil or manifold coil, made up 
generally of 1 J-inch pipe, with branch tees or manifolds, is illustrated 
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in Fig. 39, Part I (Heating and Ventilntion). The long runs of such 
coils rest on hook plates (Fig. 13); the short pipes near the comer, on 
expansion plates (Fig. 14), on which the pipes are free to move when 
the long pipes expand. Such coils are very effective when placed 
below the windows of a factory, in which class of buildings they find 
their widest application. 

Nlita Coils. Miter coils, as shown in Fig. 15, are used for oveiv 
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Air yalva 
Ftg. IS. Miter Colls tor Overhead Heating, 
leating, the coils being suspended about 8 to 
: from the floor, and 3 to 4 feet from the walls, 
d type of hanger is shown in Fig. 16. The 
type of coil, when placed alongside a wall, is 
luiuwii in certain sections as a Karf coil (see Fig. 17), 
and may be used where long runs must be made along a wall, but 
where it is impossible to install the type of coil sho^ffn in Fig. 39, 
Part I (Heating and Ventilation), owing to doorways or other ob- 
structions. Two harp coils could be used along a wall, for example, 
avoiding a doorway; and the expan- 
sion of the pipes would be pro- 
vided for by the short vertical lines. 
Return-Bend Coils. .Return- 
bend coib, known in some parts of 
the country as trombone coils, are 
shown in Fig. 40, Part I (Heating 
and Ventilation). These are suit- 
able only for rather short runs, since 
the steam must pass through the 
several horizontal pipes successively, 
and, if the radiating surface is greater than the capacity of the upper 
line of pipe to supply it properly, the steam is condensetl before reach- 
ing the lower lines. With the harp or other coils having headers or 
branch tees, sufficient steam can enter to fill all the pipes at once, pass- 
ing through the parallel lines at the same time. 
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Direct-Indirect Radiators. A direct-indirect radiator b shown 
in Fiif. IS. ITie ail enters through a louver^ 
3d wall opening with screen. Fro- 
lade to shut this off and admit air 
usly from the room, making' the 
sentially a direct radiator when the 
shut off. The best location for the 
)eiung k probably just below the 
'all boxes being less conspicuous in 
in. 
forms of indirect radiators are 




Fig. IT. HarpCoa 



shown in Fig. 7, Part I, and Fig. 3, Part II (Heating and Ventila- 
tion), the shallow sections being 
used largely for house heating, 
the deep ones for schoolhou^ 
systems. The latter are provided 
with extra long nipples for spac- 

'^^ ing the sections about 4 inches on 

centers, to give a proper passage 

/}vsf for a large volume of air. 

^ Indirect Radiators. The in- 

direct radiators are enclosed in 
galvanized-iron casings about 30 
' inches deep, ^ving a space of 6 

or 8 inches above and below the 
FlK. IS. DlrecHniUrect Bftdlfctor. ,. . m. i ^l 

* radiators. Ihe beams over the 

radiators are commonly covered with rou^ boards, to which tin or 
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tin and asbestos is nailed, the casing bdng flanged at the top and 
screwed or nailed to these boards. 

The casings should be made with com^^ of a tjpe that Vill pen- 
mit the ready removal of the sides in case 
of repairs being needed; and the bottom 
of the casing should be provided with a 
slide for inspection and cleaning. The 
larger stotions, when used for scboolhouse 
beating, are arranged as shown in I^. 19, 
with a nuxing damper designed to cause 
a mingling of the warm and cold air in 
the flue, the Tofanne discharged bdng but 
slightly reduced, with a decrease in tem- 
perature due to opening the damper to 
cold air. The space for the passage of 
air between the shallow sections contdn- 
ing about 10 square feet each, is about } 
of a foot; the space between the sections 
of the deep pattern is not far frcon } a 
foot when the sections are properly spaced. 

Heat Given Off iv Steam Radiators. "XV^SZC^i^ 
Of the heat emitted by direct radiators, wiuiii«iirectB»<u»tor». 
approximately one-half b by radiation, Ae balance by convection or- 
the contact of air. Since practically no heat is radiated from con- 
cealed radiators, it b very important that proper provision should be 
made for the passage of an adequate volume of air over the heating 
surface. 

TABLE I 
Heat %MtM Emtttsd from Radiators aad CoHs 

tqutre foot of radlaUns nriue par hour.~Iii rooms at ID* F. temper*- 
ture.— With Btekta at S to E poniidg' [ 



Typb of Ruiutob HBat UBira Ghttth) 

(Approrlnukte) 

Concealed caat-iron direct rodiBtors 175-200 

Ordinary caat-iron vertical-aection radiators 250 

WaU radiators 300 

Pipe coils on walls 325 

Pipe coils overhead (pipes side by side) 350 

Ordinary cast-iron extended-surface indirect radiators (air 

admitted from outdoors) 400 
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Wall radiators and coils give off more heat under the same con- 
ditions than is emitted by ordinary vertical cast-iron radiators. 

Much might be said regarding the efficiency of radiators due to 
their height, form, and arrangement. For the purposes of this course, 
however, only fair average values will be given, as set forth in Table I, 
a discussion of radiator tests, etc., being omitted to avoid unnecessary 
detail. 

STEAM PIPING 

Size of Main for Circuit System. Since the main of a circuit 
system, as described in Part I (Heating and Ventilation), must carry 
both steam and water of condensation, it should be made considerably 
larger in proportion to the surface supplied than mains which are drip- 
ped at intervals or which carry only the condensation from the main 
itself. 

Sizes, ample for circuit mains of ordinary length, are indicated 
in the accompanying table: 

TABLE II 
Sizes of Circuit Mains 

Diameter of Cibcuit Main Direct Radiating Surface 

2 inches 200 sq. ft. 
2i " 350 " " 

3 " 600 " " 
3i " 900 " " 

4 *' 1,200 " " 
4i " 1,700 " " 

5 " 2,100 *' " 

6 " 3,000 '* " 

Dry Return System. In many cases it is desirable to run the 
supply and return mains overhead. Such systems contain less water 
than wet return systems, and are therefore more susceptible to changes 
in the fire, because of the smaller quantity of water in the apparatus. 
The return mains must be made larger than when they are placed 
below the water line, since they are filled with steam, except the space 
occupied by the return water running along the bottom. The pipes 
should have a greater pitch than wet returns. 

With dry returns, if certain supply risers are of inadequate size, 
steam is apt to back up into the radiator through the dry returns and to 
cause a holding-back of the water in the radiators. To prevent this. 
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check valves are sometimes introduced in the branch returns. If the 
piping is properly proportioned, however, this is unnecessary. Siphon 
drips are frequently used, as 
explained in Part I (Heating 
and Ventilation). 

Wet Return Systems. This 
system, illustrated in Fig. 20, 
provides for water sealing all 
returns and drips, and avoids 
the backing-up action men- 
tioned above. Suppose, for 
example, the pressure in one of 
the vertical returns is ^ pound 
less than in the others; then, 
since a column of water 2.3 
feet high corresponds to 1 
pound pressure, the water will 
back up this particular return 
about 1.15 feet higher than in 
the others and thus equalize 
the difference in pressure. Where the mains must be long, the wet 
return system affords the opportunity to rise and drip the supply 
main as often as necessary; whereas, with the dry return system, 

the main and return have 




Fig. 20. Wet Return System. 
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a gradual pitch from start 
to finish. This often 
brings the return so low as 
to interfere with head room. 
With the wet return system 
the return may be dropped 
below the floor line at door- 
ways without interfering 
with the circulation. The 
sizes of wet returns may be 
made considerably smaller 
than dry returns for a given 
radiating surface, as shown in Table III. 

Overhead Feed System. The overhead feed system (see Fig. 21) 




Main 
ExffausfPfpe 



Fig. 21. Overhead Feed System. 
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Fig. 22. Outlet Taken from Bottom of Main. 



is most commonly used in connection with exhaust steam plants, 
since in such systems the exhaust pipe from the en^nes must be caiv 
ried to the roof, and the steam supply to the building may conven- 
iently be taken from a tee near the upper end of this pipe. The main 

should be pitched down, and 
outlets taken from the bottom, 
to drain the condensation 
through the risers (see Pig. 
22). With this system the 
water of condensation always 
flows in the same direction as 
the steam; hence the horizon- 
tal pipes and the risers may 
be made somewhat smaller 
than in up-feed systems. 

This system has the ad- 
vantage of placing the big 
pipes in the attic, where their 
heating effect is less objectionable than in the basement. As the pipes 
gradually decrease in size from top to bottom, this gives small pipes 
on the lower floors, which in modem buildings generally contain a few 
large rooms and little space for 
concealing pipes. It is fre- 
quently advisable to combine 
with this system the up-feed 
method of heating the first floor, 
which is generally high-studded 
and requires a large amount of 
radiation. Relieving the down- 
feed system of this load means 
smaller risers throughout the 
building, which, in the modern 
sky-scraper, results in a saving 
that more than offsets the cost of 
the separate up-feed system for the lower floor. Another reason why 
it is advisable to put the lower floor on a separate system, is that the 
steam is dry, whereas the steam from an overhead system becomes 
pretty wet from condensation by the time it reaches the lower floor. 




Fig. 23. Siphon Trap. 
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Fig. Si. Arrangement to Rise and 
Drip In Mains at Interrals. 



One-Pipe System. The one-pipe up-feed system is most com- 
monly used in connection with relatively small heating plants. It has 
the advantage of simplicity, there being but a single valve to operate. 
In tall buildings with the up-feed system, the risers must be objection- 
ably large to provide for the pas- 
sage of steam up, and water of 
condensation down, the same 
pipe. With the overhead sys- 
tem, the risers may be made con- 
siderably smaller, since the water 
is not hindered in its passage by 
a flow of steam in the opposite 
direction. With this one-pipe 
system, the radiator connections 
should be short and pitched 
downward toward the risers to 
avoid pockets. When used in high buildings with the overhead sys- 
tem, the lower portion of the risers must be liberally proportioned, 
otherwise the steam will become too wet. 

The Two-Pipe System. This system is commonly used where the 
radiator connections must be long and where it would be impossible to 

secure a proper pitch to insure 
good drainage with one-pipe rar 
diator connections. Coils are 
nearly always made up with two- 
pipe connections. In high build- 
ings, where a large amount of 
radiation must be carried by 
each riser, they may be made 
smaller if two-pipe connections 
are made with the radiators. 
This is often a decided advan- 
tage, especially if the risers are to 
be concealed. 

Draining Mains and Riso^. With long mains, it frequently is 
the case that if given a continuous pitch they would be too low at the 
extreme -ends; and it is therefore customary to rise and drip at intervals, 
as shown in Figs. 23 and 24. 



AirValve 




Fig. 25. Arrangement for Draining 
with Indirect System. 
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The siphon trap (Fig. 23) prevents a greater pressure being in- 
troduced along the overhead return than occurs at the extreme end, 
since any excess in pressure at an intermediate point merely forces 
down the water in the inlet leg of the siphon trap to a point where the 

difference in pressure in the two 
^To'^M^n^'^ mains is equalized by the higher 

level of water maintained in the 
outlet pipe of the syphon trap. 

With indirect systems, the 
mains are frequently drained 
through the benches or stacks of 
radiators, the connections being 
taken from the bottom of the 
main. It is assumed that all the 
indirects will not be shut off at 
the same time (see Fig. 25). 

Mains and risers are com- 
monly drained as shown in Fig. 
20, connections being taken from 
the bottom of the main and the heel of the riser. Risers are not in- 
frequently drained to the main, which .in turn is drained at the end 
(see Fig. 26). This arrangement requires less fitting than when tlie 

£qualtzin(ji Pipe 




Fig. as. Risers Drained to Main and Main 
Drained at End. 
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Fig. 27. Showing Artificial Water Line. 

risers are relieved at the base, as shown in Fig. 20. If the mains 
are long, they should be dripped at intervals of 50 to 75 feet. 

Overhead-feed mains on a down-feed system are nearly always 
dripped from the bottom to the various risers, as previously stated. 

Artificial Water Line. It is sometimes necessary, when a boilef 



164 



STEAM AND HOT WATER FITTING 21 

is set very low with reference to the returns, and it is desired to use a 
wet return systen, to seal the relief pipes by means tif an artiBcial 
water line established as shown in Fig. 27. The equalizing pipe is to 
he connected with a steam main. 

When the discharge from the system leads to an open return, a 
trap must be used. One of 
the type shown in Fig. 28, 
arranged with an equalizing 
pipe and set at the proper 
level, will hold the water 
line in the system, no stand- 
pipe being required. 

Pipe Sizes. — Mains. 
The capacities of pipes to 
supply heating surface in- 
crease more rapidly than 
their sectional areas; that 
is, a 6-inch pipe, with about . „ „. , „ , ^ „ „ . „, 

' ^ r r ' fig ^ Water I.lne Trap wllh Equalizing Pipe. 

four times the area of a 3- 

inch pipe, will supply nearly six times as much surface. 

Table III shows the amounts of radiating surface in gravity- 
return systems which main pipes 100 feet long, of different diameters, 
may be safely counted on to supply with low-pressure steam (say, 3 to 
5 lbs.). 

In case the radiating surface is located some distance above the 
water line in the boiler, the carrying capacity of the pipes may be 
increased as much as 50 per cent, owing to the greater drop in pressure 
that may be allowed without interfering with the return of water to the 
boiler. 

Mains are frequently made much larger than necessary, simply 
because the fact has been overlooked that the radiators are located 
well above the boiler, and that a drop in pressure between the boiler 
anil the end of the main of \ lb,, or even more, would be permissible. 

The greater the drop in pressure allowed the smaller may be the 
pipe for a given capacity. 

Pipe Sizes. — One-Pipe Risers. Riser capacities are given in 
Table IV. 
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TABLE 111 

Capacity of Supply Mains, Gravity Return System, and 

Size of Dry and Wet Returns 

Mains 100 ft. long.—Steam at low pressure (3 to 5 lbs.). 



DTAMBTBR or SUPPLY 


Capacity in Dibbct 


DIAMBTBB OF 


DIAMETEB Ol 


PIPB 


RAniATIMG SUBFACB 


DRY 


BBTUBN 


WET BBTUBN 


1 


inch 


55 sq. 


ft. 


f inch 


fl 


inch 


li inches 


115 " 


tt 


1 


tt 


1 


tt 


li 


tt 


175 " 


tt 


IJ inches 


u 


inches 


2 


a 


325 " 


tt 


li 


t( 


u 




2i 


tt 


570 " 


tt 


2 


tt 


li 




3 


tt 


1,000 " 


tt 


2i 


tt 


2 




^ 


ft 


1,480 " 


tt 


3 


tt 


2i 




4 


<i 


2,000 " 


tt 


3 


tt 


2i 




4i 


tt 


2,770 *' 


tt 


3 


tt 


2i 




5 


tt 


3,500 *' 


tt 


3i-4 


it 


3 




6 


tt 


5,700 '* 


tt 


4-5 


tt 


3H 




7 


tt 


8,800 " 


tt 


4-5 


tt 


4 




8 


tt 


12,000 " 


tt 


4-5 


tt 


4 




10 


tt 


2o,ooa " 


tt 


5-6 


tt 


4 




12 


it 


33,000 " 


If 


5-6 


tt 


4-5 





For lengths greater than 100 ft. and for same drop in pressure as for 100 ft., multiply 
the above figures by 0.8 for 150 ft. ; 0.7 for 200 ft. ; 0.6 for 800 ft. ; 0.5 for 400 ft. ; 0.4 for 600 ft. : 
and 0.3 for 1,000 ft. When the pressure at the supply end of the pipe can be increased for 
long runs so that the drop In pressure for each 100 ft. can be the same, then the figures in 
the table can be used for long runs. 





TABLE iV 




Capacities of One-I^pe iUsers 


SizB or PiPB 


CAPACITY, 

Up-Fbbd 


1 inch 


30 sq. ft. 


11 inches 


60 " " 


li " 


120 " " 


2 " 


200 " " 


2i " 


300 " " 


3 " 


450 '* " 


3i " 


620 " " 


4 " 


800 " " 1 



Capacity, 
Down-Febd 

60 sq. ft. 

110 

160 

260 

400 

600 

800 

.000 



tt 



tt 



tt 



tt 



It 



tt 



it 



The capacities of the 1-inch and 1 K*inch pipes for up-feed are somewhat greater than 
those stated ; but they are given as above, since these figures correspond closely to stand- 
ard radiator tapping, and it is advisable to make the pipes of the same size as the tapped 
openings. 

In high buildings with the down-feed system, the lower half of the 
risers should be based on not much more than half the capacities stated 
in the right-hand column, in order that the pipes may be of ample size 
to carry off the great amount of condensation from the radiators above, 
without making the steam too wet for use in the radiators below. The 
pipe to the lowest radiator connection should be not less than 2-inch. 
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Pipe Sizes. — ^Two-Pipe Risers. With the two-pipe system, the 
capacity of the risers is of course, considerably greater than with the 
one-pipe system, since the condensation is carried oflf through a sepa- 
rate system of returns. 

Table V gives the approximate capacities of risers for the two- 
pipe system. 

TABLE V 
Capacities of Two-Pipe Risers 



Size. Supply 


Capacity, 


Capacitt, 


Size. Return 


Riser 


Up-Feed System 


Down-Feed System 


Riser 


1 inch 


50 sq. ft. 


55 sq. ft. 


f inch 


li inches 


100 " " 


115 " " 


1 


li " 


150 " " • 


175 " " 


1 -IJ inches 


2 " 


270 " " 


325 " " 


1 -U " 


2i " 


470 " " 


570 " " 


IJ-li " 


3 " 


840 " " 


1,000 " " 


IJ-li " 


3J " 


1,200 " '' 


1,480 " " 


lJ-2 " 


4 " 


1,600 " " 


2,000 " '* 


lJ-2 " 



In bulldinga over six stories higli, wltli the up-feed system, use 10 per cent less 
surface than stated in the third column, to allow for the increased length and con- 
densation. 

Pipe SizeSy Indirect. Supply connections with indirect radia- 
tors must be larger for a given surface than for direct radiators. 
The following table gives ample sizes when the radiators are but 
little above the water line of the boiler. When this distance is con- 

TABLE VI 
Sizes of Supply Connections for indirect Radiators 

DIAMETER OF PiPB IHDIRBCT RgAmATWro SURPACK 



1 


inch 


1} inches 


li 


<< 


2 


(( 


2i 


tt 


3 


It 


3i 


tt 


4 


tt 


^ 


tt 


5 


tt 


6 


tt 


7 


tt 


8 


li 



40 sq. 


ft. 


70 " 


(< 


100 " 


(( 


180 " 


(( 


330 " 


It 


600 " 


tt 


900 *' 


It 


1,200 '* 


tt 


1,600 ** 


tt 


2,100 '' 


tt 


3,400 " 


tt 


6,400 " 


It 


7,200 " 


tt 



siderable, the pipes may be safely rated to supply one-third more sur- 
face; for a greater drop in pressure may be allowed between the 
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supply and the return mains, and drop in pressure means a greater 
velocity in the pipes, and consequently a greater flow of steam to the 
radiators. 

Indirect radiators are seldom tapped larger than 2 inches; there- 
fore radiators that require larger connections should be subdivided in 
groups. 

STEAM PRESSURES AND TEMPERATURES 

Steam pressures and temperatures have a certain definite relation 
to each other, the temperature increasing with the pressure, but not 
as rapidly for a given increase with high-pressure as with low-pressure 
steam. For example, with an increase in pressure from 10 pounds 
to 20 pounds, the temperature t-ises about 19*^ F. ; whereas with an 
increase of 10 pounds from 90 to 100 pounds the temperature increases 







TABLE 


VII 








Temperature of Steam at Various Pressures 




Vacuum (in 
Inches op 
Mebcuby) 


Tbmp. •F. 


Gaugb Pressure 

(LBS. PER sg. IN.) Temp. <»F. 







212.1 







212 


5 




203.1 




1.3 


216.3 


10 




192.4 




2.3 


219.4 


12 




187.5 




3.3 


222.4 


14 




182.1 




4.3 


225.2 


16 




176.0 




5.3 


227.9 


18 




169.4 




10.3 


240.0 


20 




161.5 




20.3 


259.2 


22 




152.3 




30.3 


274.3 


24 




147.9 




40.3 


286.9 


26 




125.6 




50.3 


297.8 


28 




101.4 




60.3 

70.3 

80.3 

90.3 

100.3 

150.3 

200.3 


307.4 
316.0 
323.9 
331.1 
337.8 
365.7 
387.7 



only about 1^ F. From atmospheric pressure to 10 pounds' gauge 
pressure, the increase in temperature is nearly 28*^ F; a slight difference 
in the pressure in radiators making a marked difference in their tem- 
perature. 

In the case of a 'partial vacuum, so called — expressed generally 
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in inches of mercuiy^the decrease in temperature as a condition of 
perfect vacuum is approached is very marked, as shown in table 
Vllr which gives also steam temperatures corresponding to va- 
rious pressures. The latter are given in each case ^V ^^ * pound 
m esLcess of the gauge pressure, as practically all tables of the prop- 
erties of steam" give the absolute pressure — that is, the pressure above 
a vacuum — the absolute pressure corresponding to 5.3 pouftds' gauge 
pressure, for example, being 20 pounds absolute. 

The atmospheric pressure at sea^-level is practically 14.7 pounds 
absolute, and the boiling point of water is 212^. As the pressure de- 
creases, due to altitude or to the removal of air from a vessel by arti- 
ficial means, the boiling point falls. 

EXPANSION 

Amount of Expansion. An allowance of y-^w ^^ ^^ ^^^^ P^r 100 
feet of pipe for each d^ee rise in temperature, is a fair allowance 
in computing the amount of expansion that will take place in a line 
of pipe. 

One must assume the temperature at which the pipe will be put 
up — say anywhere from 0° to 40° in an unfinished building in winter-^ 
and, knowing the pressure to be carried, look up in a table of the prop* 
erties of saturated steam the temperature corresponding. See table 
VII. 

Example. Find the expansion that will take place in a line 100 
feet long put up in 30-degree weather, when it is filled with steam at 
So pounds' pressure. The temperature corresponding to 80 pounds' 




Fig. 29. Offset and Swivels. 

steam pressure is 324°; the increase from 30° is 294°, which multiplied 
by TifW gives 2 -^Q^^ inches expansion, or, expressed in decimals, 2.35 
inches. 

In low-pressure work 100 feet of pipe heated from 30° to 230° 
will expand about 1.6 inches.* 
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Fig. 90. Swing to Allow for 
Expansion of Risers. 



Provision for Expansion. The expansion of mains can generally 
be provided for by offsets and swivels, as shown in Fig. 29. All that 
is necessary is to have the two vertical nipples placed far enough 
apart, as determined by the length of the horizontal offset, to permit 

the expansion to take place without 
too much turning on the threads. The 
less the turn, the less will be the like- 
lihood of leakage. The shorter the 
offsets, the greater the number that 
must be used. 

A pretty conservative rule would 
be to allow 4 feet of offset to each 
inch of expansion to be taken up on 
the line. In the case of underground work a good deal of the ex- 
pansion can be taken up where pipes enter buildings by the same 
kind of swings as shown in Fig. 29, making them longer and thus re- 
ducing the number of expansion joints or offsets in the tunnel or duct. 
Expansion of Risers. In providing for the expansion of risers, 
considerable skill must be used, especially in tall buildings. In 
buildings of not over 6 to 8 stories* or possibly 10 floors at the outside, 
if they are not high-studded, the expansion may all be taken up in the 
basement, using swings like those shown in Fig. 30, similar swings 
being used in the attic also if the overhead-feed system is used, the 
connections being taken from the bot- 
tom of the main, as previously stated. 
In higher buildings than those 
mentioned, either slip-pattern expan- 
sion joints or swivels made up of pipe 
and fittings are commonly used. One 
of these to every six to eight floors is 
generally considered suflScient, depend- 
ing on the length and arrangement of 
the radiator connections. One must 
be sure the pipes above and below slip 
joints are in proper alignment; otherwise, binding and leakage will 
occur. If the risers are concealed, such joints must be made accessi- 
ble through proper openings in the walls, as the packing will have to 
be taken up from time to time and replaced. 
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Fig. 81. Expansion Joints. 
Nearly Horizontal. 
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Expansion joints made up of pipes are illustrated in Fig. 31. 
Such joints are unsightly if exposed; but they may generally be con- 
cealed either in specially provid- 
ed pockets in the floor or in 
spaces furred down below the 
ceilings and near the walls. 

When expansion joints are 
used, the risers should be an- 
chored about midway between 
them. These anchors consist 
merely of clamps around the 
pipes fastened to the beams, one 
type being shown in Fig. 32. • 

Radiator Connections. Con- 
siderable ingenuity b exhibited 
by good fitters in arranging rar- 
diator connections. One should 
always study the end sought, and 
then provide the necessary means ^ 
to secure that end. For example, ^ 
on a floor at which the riser is 
anchored, almost any sort of ra- 
diator connection will answer, 
since expansion need not be pro- ^ 
vided for. 

Where expansion takes place, 
swivels must be provided in the 
radiator connections, to allow for same. Fig. 33 shows a convenient 
way of taking off radiator connections from risers, any expansion 
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Plan 

FHff. 82. Anchor for Riser. 




Fig. 88. Radiator Connections from Riser. 



being taken up- by the turning of the horizontal connection in the 
parallel nipples. The connection should of course pitch back toward 
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Riser 



Pig. 34. Arrangement of Swivels when Risers are 
Located on the Same Wall as Radiator. 



the riser, to drain freely. Where the expansion is considerable, this 
is difficult to accomplish unless the radiator is slightly raised. 

When risers must be located along the same wall as that on which 

the radiator is placed, the 
swivels may be arranged 
as shown in Fig. 34. 

Radiators on the 
first floor have their con- 
nections made by angle 
valves with the pipes in 
the basement, to avoid running along the base-board. It is well to 
take the branch to the first-floor radiators from riser connections in 
the basement, rather than to cut into the mains for these branches. 
See Fig. 35. 

COMPUTING RADIATION 

Computing Direct Radiation. It is a perfectly simple matter to 
compute the amount of radiation required to heat a room, by finding 
the probable loss of heat per hour, and dividing this by the heat given 
off by a square foot of 
radiating surface in the 
same time. 

Numerous tests have 
shown that an ordinary 
cast-iron radiator gives 
off approximately 1.6 
heat units per hour per 
degree difference in tem- 
perature between the 
steam and the surrounding air. With low-pressure heating a square 
foot of direct radiation is commonly rated at about 250 H. U. Glass 
transmits about 85 heat units per square foot per hour, with 70° inside 
and 0° out; and walls of ordinary thickness may be reckoned as trans- 
mitting one-fourth as much heat. 

The heat losses stated should be increased about 25 per cent for a 
north or west exposure, and about 15 per cent for an easterly exposure. 

An allowance should be made for reheating rooms that are al- 
lowed to cool down slightly at night. This may be done most con- 




Supptu main iri baseTnent 

Fig. 85. Branch from Riser Connection in Basement. 
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veniently by adding to the loss of heat through walls and glass a num- 
ber of heat units equal to 0.3 of the cubic contents of a room with two 
exposures, and 0.6 the contents of a room with a single exposed wall. 

The way this works out may best be shown by a couple of ex- 
amples: 

Suppose we have a room 16 feet square and 10 feet high, with 
two exposed walls facing respectively north and west, each having a 
window three feet 6 inches by 6 feet. 

Exposure of room = (16 + 16) X 10 = 320 sq. ft. 

Glass surface =» 2 X 21 sq. ft. = ^2 '' " 

Net wall 278 sq. ft. 

Equivalent glass surface (E. G. S.) of net wall =» 278 -j- 4 = 

Approximately 70 sq. ft. 
Actual glass surface = 42 " " 

Total E. G. S. Approximately 112 sq. ft. 
Heat transmitted = 112 sq. ft. X 85 heat units X 1.25 factor = 11,890 H. U. 
Allowance for reheating = 0.3 X cubic contents of 2,560 cu. ft. = 768 " " 

Total heat loss to be made good by direct radiation 12,658 H. U. 

This 12,658 heat units, divided by 250, the amount given ofif by one square 
foot of radiation in one hour, = 50 sq. ft. approximately, giving a ratio of 1 sq. 
ft. of radiating surface to 53 cubic feet of space. 

Take as a second example a room with one exposure toward the 
east, the dimensions of the room being 14 by 14 by 10 feet, with one 
window 4 by 6 feet. Proceeding as before. 

Exposure =«' 196 sq. ft. 

Glass =. 24 " " 

Net wall 172 sq. ft. 

E. G. S. of net wall = J of same « 43 

Add actual glass » 24 

Total E. G. S. ""67 sq. ft. 

Heat loss per hour = 67 X 85 X 1 .15 =« 6,549 H. IT. 

Add 0.6 the contents to allow for reheating; 0.6 X 1,960 = 1,176 " " 

Total heat loss 7,725 H. U. 

This 7,725 heat units -h 250 « 31 sq. ft. radiation required, giving a ratio 
of 1 to 63 cubic ft. 

The loss of heat through roofs and through ceilings to unheated 
attic sp^es above may be allowed for conveniently, and with suffi- 
ciently close approximation to the actual heat loss, by dividing the area 
of the roof by 10, and that of the ceiling by 20, to give the E. G. S. 

In the case of a well-constructed plank roof, with paper or other 
material above that will prevent the leakage of air, the roof area may 
safely be divided by 15 to ascertain the E. G. S. 
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It is hardly necessary, as a rule, to allow for the loss of heat 
through a first floor to the basement when the latter is well enclosed 
and contains steam and return mains or is otherwise kept at a 
moderate temperature. 

Computing Direct-Indirect Radiation. The most common meth- 
od of computing the amount of direct-indirect radiation required, 
is to ascertain, in the manner described, the direct radiating surface 
necessary, and add to it approximately 25 per cent; that is, if a direct 
radiator of 100 square feet were found to be necessary to heat a given 
room, a direct-indirect radiator of 125 square feet would be required. 

Computing Indirect Radiation. To compute the amount of in- 
direct radiation necessary to heat a given room, about the simplest 
method to grasp is to compute, first, the direct radiation required, as 
previously explained, and then add 50 per cent to this amount, since it 
happens that, under average conditions of 70° inside and 0° outside, 
practically 1^ times as much surface is required to heat a given space 
with indirect as with direct heating. 

When a stated air supply is required, the loss of heat by ventilation 
must be computed, and a different method followed in ascertaining 
the amount of indirect radiation required. For example, take a 50- 
pupil schoolroom with the common compulsory allowance of 30 cubic 
feet of air per minute per pupil — equal to 1500 cubic feet per minute 
per room. Each cubic foot escaping up the vent flue at 70*^ F., when the 
outside temperature is zero, removes from the room 1 J heat units ; hence 
the total heat loss by ventilation per hour would be 60 X 1500 X 1 J 
« 112,500 heat units. A standard schoolroom has about 720 square 
feet of exposure, of which not far from 180 square feet is glass, 
leaving a net wall of 540 square feet, which, divided by 4, gives 
135 square feet equivalent glass surface. This, added to the actual 
glass, gives 315 square feet E. G. S., which, in turn, multiplied by 
85 heat units X a factor of 1.25 for north or west, gives a total heat 
loss by transmission of 33,470 heat units approximately. 

The combined loss of heat by transmission and ventilation 
amounts to 145,970 H. U. 

With the greater air-flow through indirect heaters used in schools, 
the heat emitted per square foot per hour should exceed somewhat 
the amount given off by indirect radiators in residence work — namely, 
400 H. U. To be on the safe side, allow 450 H. U. The total heat 
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loss from the room, divided by this number, gives approximately 300 
square feet as the surface required. 

DUCTS, FLUES, AND REGISTERS 

Areas of Ducts and Flues. The area of the cold-air connec- 
tions with the benches or stacks of indirect radiators, are generally 
based on 1 to 1 J square inches of area to each square foot of surface 
in the radiators. 

The flues to the first floor should have 1^ to 2 square inches area 
to each square foot of surface; those to the second floor, 1| to 1^ square 
inches; and those to floors above the second, 1 to 1^ square inches per 
square foot of radiation. 

The sides and back of warm-air flues in exposed walls should be 
protected from loss of heat by means of a nonconducting covering, 
preferably i inch thick. 

Flue Velocities. A fair allowance for flue velocities with indirect 
steam heating is 275 feet per minute for the first floor, 375 feet for the 
second, 425 feet for the third, and 475 for the fourth. 

Registers. The net area of registers should be 10 to 25 per cent 
in excess of the area of the flue with which they are connected. The 
net area of a register is commonly taken as § the gross area; that is, 
a 12 by 15-inch register would have a net area of 120 square inches. 

Roisters in shallow flues must either be of the convex pattern, 
or be set out on a moulding to avoid having the body project into the 
flue and cut oif a portion of its area. 

Aspirating Heaters and Coils. To cause a more rapid flow of air 
in ventilating flues in mild weather, steam coils or heaters are used. 
These should be placed as far below the top of the vent flue as possible, 
for the higher the column of heated air, the greater the chimney effect. 
The smaller the flue in proportion to the volume of air to be handled, 
the laiger should be the heater. If cast-iron indirect radiators are 
used, they may be rated to give off about 350 heat units per square foot 
per hour; coils may be rated to give off nearly double that number of 
heat units. 

To illustrate how to compute the size of coil to be used, assume 
for example that 1,500 cubic feet per minute are to be removed 
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through a ventilating flue, the air to be raised 10° in temperature. 
Then 

1,500 cu. ft. per min. X 60 min. per hour X 10° rise in temp. __ qk , 
55 heat units X 650 heat units per hour per sq. ft. of coil ~ ' • h- 
ft. of coil required. 

(The number 55 is the number of cubic feet of air at 70° that 1 heat 
unit wiU raise 1° F.) • 

In order to work out important problems of this nature, it is 
necessary to consult a table giving flue velocities for different heights 

and for excesses of temperature of air 
in the flue over that out of doors. 
From such a table, knowing the height 
of the flue, its size, and the volume of 
air to be moved, it is readily seen how 
many degrees the air must be heated. 
The size of coil is then determined as 
above. The arrangement of an aspi- 
rating heater in a flue is shown in 
Fig. 36. 

EXHAUST-STEAM HEATING 

Buildings having their own power 
and lighting plant should be heated 
by exhaust steam, about 90 per cent of 
the steam that passes through the en- 
gines and pumps being iivailable for this purpose. 

A portion of this steam is used for heating the feed-water to the 
boilers. In a properly arranged system, very little fresh water need 
be supplied, since the condensation from the radiators, properly pu- 
rified, is returned to the boilers. 

To accomplish this purification, and to rid the steam of oil in 
order to prevent its coating the pipes and radiators, the steam is passed 
through a separator attached to the heater when all the steam is al- 
lowed to enter it, or through an independent separator when only a 
portion of the steam passes through the feed-water heater. Only 
about one-sixth T>f the exhaust steam in a given plant is required to 
heat the feed-water that must be supplied to the boilers to take the 
place of the steam used in the engines, therefore all the exhaust need 




Fig. Sd. Aspirating Regulator 
in Flue. 
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not enter the heater for the purpose of keeping up the proper tempera- 
ture of the feed-water, 

A type of heater with a coke fitter isshown in Fig. 37; while Figs. 
38 and 39 show two methods of making connections, the first when all 



the steam is allowed to pass through the heater, the latter when only a 
portion of the exhaust from the endues is allowed to enter. 

A very essential appliance used with exhaust-steam heating is the 
pressure-rediKing valve, which makes good with live steam any de- 
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ficiency in exhaust that may occur. By adjusting the weight, any 
desired pressure, within limits, may be obtained. 

I 



iG Ste&m 19 Allowed 



A back-pressure valve must be used with exhaust-^team heating, 
to regulate the pressure to be carried. It also acts as a safety-valve 
in case of over-pressure from any cause. 



Heating systems are sometimes arranged by bringing to them live 
steam to be reduced in the building to any desired pressure bv a reduc- 
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Exhaust 



ing valve. In such cases there is no back-pressure valve; therefore a 
safety-valve should be placed on the main to act in case of trouble with 
the reducing valve and prevent too great a pressure on the radiators. 

A by-pass should be used in connection with all pressure-reducing 
valves, to provide for overhauling them. A steam gauge connected 
not less than 6 feet from the 
valve on the low pressure side is 
a necessary attachment. 

With exhaust-steam heating, 
an exhaust head should be placed 
at the top of the vertical exhaust 
main, to condense, as far as pos- 
sible, the steam passing through it. 

The drip pipe from the ex- 
haust should be connected with 
the drip tank; or, if the exhaust 
has been passed through a first- 
clas§ separator, it may, if desired, 
be returned to the feed-water 
heater. 

When a closed type feed- 
water heater is used (see Fig. 40), 
a separate tank must be provided 
for the returns from the heating 
systems. High-pressure drips 
are trapped to this tank. In the 
case of the heater shown in Fig. 
37, the live-steam returns are 
trapped to it. A common type 
of trap is shown in section in 
Fig. 41. In the position shown, 

the float or bucket hinged as ^•''- closed Type Peed water Heater. 

shown, is held up by the buoyancy of the water, and keeps the valve 
at the upper end of the spindle in contact with the seat, preventing 
the escape of steam entering with the water through the inlet. The 
water, rising around the bucket, overflows it and overconies its buoy- 
ancy, causing it to fall and open the valve, the steam pressure on the 
water then forcing it out of the bucket until a point is reached where 




Drip 
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the buoyancy of the bucket again comes into play and closes the valve 
until the action is again repeated. 

An extremely simple form of float trap is shown in Fig. 42, the 




Outlet 

pig. (1. Common Type of Trap. Pig. 42. Float Trap. 

hollow float raising the spindle and valve, permitting water to escape, 
but falling and thus closing the outlet when the water level reaches a 
point too low to cause the ball to float, thus preventing the escape of 
steam. 

Special forms of traps known as return traps are used in sranll 




Fig. *3. Dimensioned Sketclies torCatttog Pipe, 
plants for returning to the boiler the condensation from the heating 
system. 

MODIFIED SYSTEMS OF STEAM HEATING 

It 13 beyond the scope of this course to go into the details of the 
various modified or patented systems of steam circulation, yet it seems 
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advisable to point out the essential features of certain of these systems. 
The Webster and Paul Systems will be found described in Part III of 
the Instruction Paper on Heating and Ventilation. 

Thermograde System. With this two-pipe system air valves 



are omitted; the 
is of a special con- 
admit quantities of 
tions — to fill the ra- 
steam. On the re- 
placed a so-called 
the escape of air 



tss^py 







supply valve on each radiator 
struction designed to be set to 
steam under different condi- 
diator J, i, |, or entirely full of 
turn end of each radiator is 
auto^alve, designed to permit 
and water into a return pipe 
open to the atmosphere at 
the top. In the case of large 
buildings the water flows by 
gravity to a tank, from which 
it is pumped to the boilers. 




Fig. 44. Hanger. 



Pig. 45. Adjustable Fig. 4«. Sleeve for Encasing Pipe. 
Hanger for Large Pipe. 



Some of the advantages claimed for this system are: — Absence of 
air-valves and air-lines; control of the heat emitted, by means of the 
special controlling valve at the supply end of each radiator. The pip- 
ing is the same as for ordinary gravity systems. 

Vapor System. This system is designed, as its name implies. 



in 
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to work on a very low pressure. The radiators, preferably of the hot- 
water type, must have considerably more surface than with low-pres- 
sure steam heating. A special valve is placed at the supply end of each 
radiator, designee) to admit any desired volume of steam. 

A little trap or water-seal fitting is 
connected with the return end of each 
radiator, a small hole being provided 
above the water line to permit the escape 
of air. All returns are joined in the 
basement and discharge to an open water 
column alongside the boiler, any steam in 
the returns being condensed by passing 
into a coil provided for the purpose. 

No safety valve b 
required with this sys- 
In case of an ex- 



Plg.47. Qlobe Valve. 

cess of pressure in the 
boiler, the water is back- 
ed out into the column 
above mentioned; a float 
b raised; and dampers Fig.4S. OaieVaiTa. 
are closed. 

The advantages claimed are: — Com- 
plete control of the heat given off by the 
radiators by means of the special regulat- 
ing vaJve on each; absolute safety; small 
pipes; absence of air-valves. 

Mercury Seal Vacuum Systems. In 
one of these systems, commonly used ^'« "'■ i^onBo-iyGtobeV: 
with gravity-return apparatus, air-valves similar to those shown in 
Fig. 5.5 are placed on the radiators, and the air-lines connected 
with a main line dischai^ng throufjh a mercury seal or column, the 
function of which is to seal the end of the pipe and prevent the en- 
trance ot air after the air from the system has been expelle*! by 




STEAM AND HOT WATER FITTING 



raising the steam pressure. In another mercury seal ^stem, lur- 
valves are omitted and "retarders" — so called — are placed at the 
return ends of radiators. 

With a tight job of piping when the air in the system has once 
been got rid of, the plant may be run 
for some time — or until air leaks in 
again — at a pressure less than the at- 
mosphere and with radiators at tem- 
peratures corresponding to those of 
hot-water radiators. 

Among the claims made for this 
system are : — W'ide range of tempera- 
ture in the radiators, secured by vaiy- 



Plg.60. Radiator Anglo V 





Fig. 62. Radiator onset VbIvb. Pig. 61. Radiator Siralgbtway V 

ing the degree of vacuum; tlie advantage of a hot-water heating sys- 
tem without large radiatofs, since steam under pressure can be car- 
ried in the radiators in cold weather. 

PIPE AND FITTINGS 

Pipe. Pipe for heating systems should be made of wrought iron 
or mild steel. Sizes up to 1^ inches diameter inclusive, are butt- 
welded and proved to 300 pounds' pressure; above that size they 
are lap-welded and tested to 500 pounds' pressure. 
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Pipe is shipped in lengths of 16 to 20 feet, threaded on both 
ends and fitted with a coupling at one end. 

It is well, as a rule, to have pipes 2^ inches in diameter and larger 
cut in the shop from sketches. These should give the distances from 
end to center, or center to center, and should state the size and kmd 
of valves, whether flanged or screwed fittings are to be used, and in a 
general way should follow Fig. 43. 

The dimensions of standard pipe are given in Table VIII. 

NOTES ON WROUOHT-IRON PIPE 

(Furnished by the Crane Company, Chicago, 111.) 

Wrouoht-Iron Pipe: — ^This term is now used indiscriminately to desig- 
nate all butt- or lap-welded pipe, whether made of iron or steel. 

Merchant Pipe: — ^This term is used to indicate the regular wrought pipe 
of the market, and such orders are usually filled by the shipment of soft steel 
pipe. The weight of merchant pipe will usually be found to be about five per 
cent less than card weight, in sizes (-inch to 6-inch, inclusive; and about ten 
per cent less than card weight, in sizes 7-inch to 12-inch, inclusive. 

Full- Weight Pipe: — ^This term is used where pipe is required of about 
card weight. All such pipe is made from plates which are expected to produce 
pipe of card weight; and most of such pip3 will run full card to a little above 
card, but, owing to exigencies of manufacture, some lengths may be below 
card, but never more than five per cent. 

Large O. D. Pipe: — A term used to designate all pipe larger than 12- 
inch. Pipe 12-inch and smaller is known by the nominal internal diameter, 
but all larger sizes by their external (outside) diameter, so that "14-inch pipe," 
if } inch thick, is 13i-inch inside, and ''20-inch pipe" of same thickness is 
19i-inch inside. 

The terms "Merchant," or "Standard pipe," are not applicable to "Large 
O* D. pip3," as these are mad3 in various weights, and should properly be 
ordered by the thickness of the metal. 

When ordering large pipe threaded, it must be remembered that }-inch 
metal is too light to thread, /^'^ch being minimum thickness. 

Orders for large outside diameter pipe, wherein the thickness of metal is 
not specified, are filled as follows : 

Fourteen, fifteen, and sixteen inch, O. D., J^-inch or {-inch metal. 

Larger sizes, }-inch metal. 

This pipe is shipped with plain ends, unless definitely ordered "threaded." 

Extra Strong Pipe : — This term designates a heavy pipe, from J-inch 
to 8-inch only, made of cither puddled wrought iron or soft steel. Unless 
directed to the contrary, steel pipe is usually shipped. If wrought-iron pipe 
is required, use the term, "Strictly Wrought- Iron Extra Strong Pipe." Extra 
strong pipie is always shipped with plain ends and without couplings, unless in- 
structions are received to thread and couple, for which there is an extra charge. 

This term, when applied to pipe larger than Scinch, is somewhat indefi- 
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niU', Eks 9-, 10-, and 12-inch is made both -^g and J inch thick. Pipes i inch 
thick arc carried in stock, and furnished on open order. 

Double Extra Strono Pipe:— This pipe is approximately twice as 
heavy as extra strong, and is made (rom ) to 8 inches, in both iron and steel. 
It Is difficult, however, to find any quantity in "Strictly Wrought-Iron," and 
the stock carried is usually soft steel. This pipe is shipped with plain enda, 
without couplings, unless ordered to thread and couple, for which there is on 
extra chaise. 

Fittings. For low-pressure heating systems, standard weight 
cast-iron screwed fittings are used on pipes up to 7 inches or 8 inches 
diameter. On lai^er pipes it is customary to use standard flanged fit- 
tings. Flange unions should be placed at inter- 
vals in the pipes when screwed fittings are used, 
to provide for readily disconnecting them in case 
of alterations or repairs. 

Pipe grease or various 
compounds are used in "mak- 
ing up" the joints. This ma- 
O.V— /JH terial should be applied to the 
r""^ male threads only. When 

^ ' the threads of the fittings are 

coated with it, as is commonly Fig.M. swingcheck 
done, the compound is pushed 
into the fitting when the pipe is screwed in, and, becoming disen- 
gaged, is likely to cause trouble later by clogging pipes, etc. For 
flange fittings it is the practice with many fit- 
ters to use inside gaskets, 
so called, cut to come just 
inside the bolts. 

To describe a tee, al- 
ways give the dimensions 
of the "run" first and the 
outlet last; for example, a 
tee 6 inches at one end, 5 
inches at the other, with an 
outlet at the side 3^ inches, 
would be known as a 6 by 

Plg,6B. AlrValvo. 5 |,y 3J (eg. pig. 50. Air ViIvp. 

A tee with the outlet larger than the openings on the run, is known 
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as a btdthead tee. Tees with all three openings of the same size are 
known as straight tees. 

It is far better to use reducing sockets or reducing elbows and 
tees, in place of straight tees with bushings. 

Hangers. Pipes up to 4 inches diameter inclusive are commonly 
suspended by malleable-iron hang- 
ers, one type of which is shown in 
Fig. 44, with a gimlet point on the 
rod, a beam clamp being substituted 
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when I-beams are used in place 
of floor timbers. One fonn of 
adjustable hanger for large pipes 
is shown in Fig. 45. 

Sleeves, etc. Where pipes 
pass through floors and parti- 



Fig. 57. Pipe Vise. 

tions, they are encased in tubes 
with plates at floor and ceiling or 
at walls, as the case may be. 
One type of these sleeves is 

1 ■ r.. .^ FIb.60. ComWnatloQ Vise. 

shown m lig. 46. 

Where branches from risers pass through partitions, it is often 
necessary to use sleeves of elliptical shape to provide for the expansion 
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of the risers. Sleeves for mains passing through basement walls are 
generally made of pieces of wrought-iron pipe of the proper length, 
the diameter of the sleeves to be not less than ^ inch greater than the 

pipe diameter if covering is 
omitted in walls, and 2\ inches 
greater if covering is continuous 
along the pipe. 

Flg-flO. Pipe cutter. ^^^^ ^j^^^ ^^^ p,^^^ j^^ 

plastered walls, they should project a slight distance beyond the face 
of the plaster. When ceiling plates are made fast to risers, they 
should be placed at least f inch down from the ceilings, so that, 
when the riser expands, the ceil- 
ing plate will not be forced into 
the plaster. 

Valves. Valves for base- 
ment piping are commonly ghbe ^«-^'- p*p«^««'- 
or gate pattern, with rough bodies and plain iron wheels (Figs. 47 
and 48). Brass or composition body valves, with screwed tops, are 
generally used up to 2-inch size inclusive; and iron body valves, with 

bolted tops, above that size (see 
Figs. 48 and 49). Both are made 
with renewable discs or seats. 

It is largely a matter of pref- 
erence which type of valve shall 
be used, though of course the 
straightway gate valves interpose 





the least resistance to the flow of 
steam or water. 

W^hen the radiators are but 
little above the water line in the 
boiler, gate valves are frequently 
used on the returns to insure an 
easy flow of the water. 

It seems hardly necessary to 

point out that a globe valve should be connected in the pipe with its 

stem horizontal, to avoid the water pocket which occurs when the 

stem is vertical; nevertheless fitters frequently overlook this point. 

Several patterns of radiator valves are shown in Figs. 50, 51, 



Fig. 02. Solid Die. 
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52, and 53. These valves are of brass or composition, rough body 
nickel-plated, have wood wheels, and are provided with a union. The 
angle valves are commonly used on first-floor radiators, those on floors 
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Fig. as. stock for SoUd Dies. 

above having offset or comer offset, offset globe, or straightway gate 
valves, according to the type of radiator and the arrangement of con- 
nections to provide for expansion. 

In public buildings, the wheels are often omitted and lock-shields 
substituted, the valves being operated by a key. 

A swinging-check valve is shown in Fig. 54. This type, if prop- 
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Fig. (M. Adjustable Die and Stock. 

erly designed, works the easiest of any, and should be used in prefer- 
ence to other types when radiators are placed but little above the 
water line in the boiler. 

Air- Valves. Numerous patterns of air-valves are on the market, 
some, like Fig. 55, in a general way, being fitted with a union for air- 
line connections leading to a convenient point of discharge in the base- 
ment. Such valves prevent the escape of steam, because of the ex- 
pansion of the composition plug, which closes the opening when steam 
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comes in contact with it. Air and cold water, however, are permitted 
to escape. 

The general type of wr-valve shown in Fig. 56 is frequently used, 
many modifications of this valve having been manufactured. These 



Fig. fls. Adjustable Dleanil Stock. 

valves, as a rule, have no air-line connections, but discharge their air 
into the rooms; a somewhat objectionable feature. They close when 
steam enters them ; and if water finds its way in, the float is raised and 
doses the outlet. 

Aii^valves for direct radiators have a very small opening for the 



Fig. ee. anna Power Pipe MacblDC Fig. ST. Belt Power Pipe Maclilne. 

dischaqje of air, scarcely larger than a pin-hole; and while these do 
veiy well for small units, they are not satisfactory for large coils or for 
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large groups of indirect radiators, because of the excessive time re- 
quired to relieve them from air. For such heating surfaces, a type of 
air-valve with a much larger opening should be selected, to provide 
for venting the radiators or coils more quickly. 

Several types of vacuum air-valves have been invented, designed 
to permit the escape of air from the radiators, but to prevent its re- 
entry. If they remain tight, the steam heating system may be run in 
mild weather with a pres- 
sure below that of the at- 
mosphere, and the radiator 
kept at a temperature be- 
low 200°. 

Pipe-Fitting Tools. — 
Vise and Bench. When a 
job is started, the first 
things needed are vise and 
bench. The latter should 
be firmly constructed, and 
rigidly held in place, the 
vise to be firmly secured to 
it by through bolts. 

On a good-sized piece 
of woik, it is well to have 
both a pipe vise and a flal- 
jaw vise, these being illus- 
trated in Figs. 57 and 58. 

A heavy cover should be "» *"■ H^ieJ Power PlpoM».hlno. 

furnished over the screw of the flat-jaw vise, to provide a bearing 
for l)ending pipe, the end of which is passed through a ring Ixtttcd 
to the bench. 

Fig. 59 illustrates a combination of the two vises shown in Figs. 
57 and 58, making a very useful tool. 

Pipe Cutters. There are several kinds of pipe cutters on the 
market, made with one or more cutting wheels held in a frame. All 
makes of cutters are operated in practic^Iy the same way, by forcing 
the cutting wheels into the pipe by means of a screw handle. One- and 
three-wheel cutters are shown in Figs. 60 and 61. The one-wheel 
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cutters are made in sizes for J-inch to 3-inch pipe; and the three- 
wheel cutters, for J-inch to 8-inch pipe. 

Stocks and Dies. The several forms of dies and stocks on the 
market may be divided into 
two classes — the solid die and 
the adjustable die. The solid 
die is shown in Fig. 62, and b 
used for cutting both right- 
hand and left-hand threads. 
The stock in which solid dies 
are used is shown in Fig, 63. 
Adjustable dies and stocks are 
shown in Figs. 64 and 65. 
These dies may be adjusted to 
cut a deep or a shallow thread. 
It is necessaiy at times to cut 
such threads, a£ the fittings 
made by different manufac- 
turers are not always tapped 
alike. To make good joints, 
the threads must make up 
tight when they are screwed 
into the fitting. 

FlB.flBft. U.M Power I.||»M,«.b.n«. ^^y^ jj^ ^^^^^ ^^^ ^p_ 

proximate distance pipes must be screwed into fittings to make a 
tight joint. 

TABLE IX 
Proper Distance to Screw Pipes Into FlttlnE:s 

J,J,nntiJ inrh pipe sliould be sen ■«-(■(! into fittiiifis opproximatoly f in. 

i " 1 

1 " V, 

li and 1} " " " " " " " " i 

2 " i 



3i and 


4 


5 and 


6 




7 


8 and 


!) 


10 and 


13 
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In all forms of stocks, whether for solid or adjustable dies, a 
bushing or guide must be used in the stocks to guide the dies straight 
onto the pipe. It is necessary 

that the guides for the different Cf";^ ^^ ^ 

sizes of pipe should fit each size 

of pipe as closely as will allow ^^'^' ^^p^ Tongs. 

the guide to revolve on the pipe freely. The guides should fit the 
stock as tightly as possible, or a crooked thread will very likely be cut. 

Plenty of good lard oil or cotton- 
seed oil should be used when cut- 
ting pipe. The dies must be 
sharp, to make good joints; and 
when they are changed in the 
stocks from one size to another, 
all chips of iron and dirt should be cleaned off the dies and out of the 
stocks, as a small chip under dies, especially under one of a set of ad- 
justable dies, will either 
cut a crooked thread or ^ 
strip it. 

Stocks are made in ^«- ^^- ^^^^"^ '^°'^^«' 

sizes from J inch to 4 inches. The small-size stocks and dies com- 
monly carried in pipe-fitters' kits are made to thread pipe from i inch 
to 1 inch inclusive, right-and left-hand; and a larger size to thread 
pipe from 1 inch to 2 inches inclusive, right- and left-hand. A larger- 
size stock is used to cut pipes over 2 inches in diameter. 

There are a number of hand-power pipe machines on the inarket, 




Fig. 70. Adjustable Pipe Tongs. 





Fig. 72. Chain Tongs. 

which are very convenient especially for cutting and threading pipe 
2.i inches and over. Several makes are shown in Figs. 66, and 
68 a and 68 b. 

Pipe Tongs. Plain tongs, like all other tools, must be kept sharp 
and in good order, to do good work. Many fitters object to tongs 
because they have to be sharpened very often, and also because they 



1B8 



50 



STEAM AND HOT WATER FITTING 



C 





5 



Fig. 74. Pipe Wrench, 



have to carry at least one pair of tongs for each size of pipe; they prefer 
an adjustable wrench which will fit several different sizes of pipe. 

There is one advantage 

D t=J) '^^ *^® tongs; that is, they 
can be worked in places 
where it would be im- 

Flg.73. Pipe wrench. possible tO USe a WTCnch, 

such as making up pipe in coils, close comers, etc. Tongs should be 
made in such a way that when they are on the pipe, the handles will 
come close enough together to al- 
low them to be gripped in one 
hand (see Fig. 69). 

Adjustable tongs (Fig. 70) 
are made to fit several sizes of 
pipe, the most common sizes used being for |-inch to 1-inch to 2-inch, 
and for 2i-inch to 4-inch. 

Chain tongs are 
made in all sizes and in 
several forms for from 1- 

inch up to 16-inch pipe. 
Pig. 75. Wrench for Brass or Nickie-putei Pipe. Some makers fumish 

tongs with the handle and jaws in one piece. Others have the jaws 
removable. Still others have the jaws so arranged that they can be 
removed and reversed. 
See Figs. 71 and 72. 

Pipe Wrenches, Sev- 
eral types of adjustable 
wrenches are shown in 

Fifrs 7*^ nnd 74 Thpsp Fig. 76. Wrench for Brass or Nickle-Plated Pli>e. 

wrenches will do good work if used as wrenches on the size pipe they 
are intended for. Some men who have little r^ard for tools use on a 

2-inch pipe, for example, a 
wrench which is made to take, 
say, not over 1-inch pipe, the jaw 
of the wrench being extended as 
Fig. 77. Monkey Wrench. fgj ^s possible, and probably be- 

ing held by only a few threads of the adjusting screw, a piece of pipe 
2 or 3 feet long often being used on the handle of the wrench to 
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Fig. 78. Open-End Wrencli. 



increase the leverage. After such usage, the wrench is of little value. 

At times men will use wrenches in such a way as to make the strain 

come on the side, with the result that the 

wrench is badly strained if not broken. 
The above described wrenches are 

used on wrought-iron pipe. For brass 

or nickel-plated pipe, wrenches like those 

shown in Figs. 75 and 76 should be used; otherwise the pipe will be 

marred and rendered unfit for use in connection with first-class work. 
One of the handiest all-round tools is the monkey wrench, shown 

in Fig. 77. Open-end wrenches, illus- 
trated in Figs. 78 and 79, are very handy 
tools, especially foF use on flange fittings. 
Wrenches for lock-nuts are made about 
the same as above, only they are larger. 
The retumrbend wrench is a very 
handy tool, and can be made by any 

good blacksmith. It is used principally on coil work, and is made 

of heavy bar iron, as shown in Figs. 80 and 81, in which two forms 

of this type of this wrench are shown. 

Another handy tool is what is sometimes called, for want of a 

better name, a spid wrench. This is simply a piece of flat iron about 




Fig. 79. Oi)en-End Wrench. 



C 



Fig. 80. Return-Bend Wrencli. Fig. 81, Return-Bend Wrench. 

10 inches long and made to fit the spuds of the unions of different 
sizes of union radiator valves and elbows (see Fig. 82). 

Pliers. For small work, pliers may be used to advantage. Com- 
mon and adjustable types are shown in Figs. 83 and 84. 

— L 
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Fig. 82. Spud Wrench. 

Drills, Reamers, and Taps. Pipe drills, illustrated in Fig. 85, 
are made slightly smaller for a given size than the taps illustrated in 
Fig. 86. A reamer like the one shown in Fig. 87 should be used to 
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start the tap, which should never be hammered in order to start the 
threads. 

Fig. 88 shows a combined drill, reamer, and tap. Fig. 89 shows 
a pipe reamer for taking the burr from the ends of pipes. 






Fig. 88. Common Pliers. Fig. 84. Adjustable Pliers. 

A ratchet driU is illustrated in Fig. 90 and a breast drill in Fig. 91. 
Fig. 92 shows a handy tool for drilling pipe flanges which from any 
cause cannot be drilled in the shop. 

Figs. 93, 94, 95, and 96 show odd, 
/' t > cape, diamond point, and round-nose 

chisels respectively. 
Fig. 85. Pipe Drill. A good pattern pe an A amTTier is shown 

in Fig. 97 a; and a brick hammer is represented by Fig. 97 b. 

Miscellaneous. Every fitter's kit should contain inside and out- 
side calipers; a good set of bits J-inch to 1-inch; bit stock; augers IJ- 
inch to 2-inch ; saws ; files ; plumb-bob ; gimlet ; lamp ; oil can ; steel square ; 
tape measure; etc. 

HOT- WATER HEATING 

Heaters. Hot-water heaters — or "boilers," as they are some- 
times miscalled — are so nearly like the cast-iron steam boilers pre- 
viously illustrated, that it is unnecessary further to describe them' here. 

Some makers use the same patterns for l)oth steam boilers and 

hot-water heaters, while ^_^__.^^^./wsa/vwwwwwwVj 
others use a higher boiler >^***..... . 

for steam, giving more 
space above the water line. 
Practically the same 
rules should be followed in Fig. se. pipe Tap. 

selecting a hot-water heater as those laid down for steam boilers. 
Although a hot-water heater is a trifle more eSicient than a steam 
boiler — that is, more of the heat in the coal is transferred to the 
water, owing to the temperature of the latter being 40 degrees or 
more lower than in a steam boiler — nevertheless, practically the 
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Fig. 87. Reamer. 



same size of hot-water heater or steam boiler is required to heat a 
given space. 

It is well to equip the heater with a regulator, of which a number 
of good ones are manufactured, 
in order to control the drafts 
by variations in the tempera- 
ture of the water, the regula- 
tor being set to maintain any 
desired temperature in the 
flow pipe. 

Capacity of Heaters. Hot-water heater capacities are based, as 

a rule, on an average water 
temperature of 160° in the 
radiators, when placed in 
rooms to be kept at 70® F. 
If the closed-4ank sys- 
tem is used, the radiator 
temperatures may be 220° to 230° or more; hence, if any attention 
is to be given to the manufacturers' heater rating, the radiation must 
be reduced to the equivalent radiation in heat-emitting capacity of 
radiators at 160°. 

This is very easily computed, since the heat given off by a radiator 
is proportional to the difference in 
temperature between the water in the 
radiator and the air surrounding it. 
This, in the first case, is 160° less 70°, 




Fig. 88. Combined Drill, Reamer and Tap. 





J 



Fig. 89. Pljw Reamer for Taking the 
Burr from Knds of Pi];)e. 




r3c 



Fig. 90. Ratchet DrllL 



or 90°; and in the other case, say, 225° less 70°, or 155°; that is, one 
foot of radiating surface at 225° will give off \Y" ^^ ^he heat given 
off at 160°; therefore, a job with 900 square feet, for example, at 225° 
would be equivalent in heating power to \%^ X 900 - 1550 square 
feet at 160°> and a boiler with the higher rating would be required 
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It is always well to check the boiler rating as explained under 

"Steam Heating," except that in hot-water heating only 150 heat units 

are allowed per hour per 

square foot of radiating 

surface. 

Of the heat given off 
by the coal, it is safe to as- 
(^^ sume that 8000 heat units 

per pound are transferred 
to the water in the heater. 
Suppose there are 900 
square feet of radiation on 
the job. Add ^ to cover 
the. loss of heat from pipes; 
total = 1200 square feet. 
Assume that in coldest 
weather 5 pounds of coal 
Pigoi. nreistDrtu. ^^ bumed per hour on 
each square foot of grate; that is, 5 X 8000 = 40,000 
heat units are transferred to the water in the heater. 
The heat given off per hour by the radiators and 
pipes is 1200 X 150-180,000 heat units. This, di- 
vided by 40,000, the heat utilized per square foot of 
grate, equals 4^ square feet of grate required. 

Some judgment is necessary in assuming the 
rate of combustion; but this varies from about 3 pounds per square 
foot of grate per hour in small heaters, to 7 or 8 in larger ones, 
operated by a regular attendant. 

HOT-WATER RADIATORS AND VALVES 
Hot-water radiators have top and bottom nipple connections, as 
shown in Fig. 31, Part II {Heating and Ventilation). A hot-water 



Fig. 02. Tool for 

Drilling Pipe 

Flanees. 
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Fig. OS. ColdCblsel 



radiator may be used for steam, but a steam radiator cannot be used 
for hot water. The valve may be placed at the top or the bottom — it 
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matters little which; it is, however, more convenient, though more 
unsightly, at the top. The circulation will be practically as good when 
the valve is located at the bottom. One valve is all that is necessary. 







Fig. M. Cape Chisel. 



and this may best be of the quick-opening pattern, a partial turn 
being all. that is necessary to open or close it (see Figs. 44 and 45, 
Part II, Heating and Ventilation). 




m 



Fig. 05. Dlamond-Polnt Chisel. 



A union elbow is generally connected with the return end of a 
radiator (see Fig. 46, Part II, Heating and Ventilation). 

Key-pattern air-valves are more frequently adopted in hot-water 




3 



Fig. 96. Round-Nose Chisel. 



heating than are any types of automatic valves. They do not have to 
be operated often; hence the popularity of the simple and reliable air- 
cocks like those shown by Fig. 98. 





Fig. 97 a. Pean Hammer. 



Fig. 97 b. Brick Hammer. 



Direct-indirect hot-water radiators are seldom used, owing to 
the danger from freezing in case they are thoughtlessly shut off. 
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Indirect radiators should be of a deep pattern — say, 10 to 12 

inches, or even more for use 
with outdoor air in a severe 
climate. These radiators give 
off far less heat per square foot 
than is emitted by steam radia- 
tors; hence they should be deep- 
er, to bring the air up to proper 
temperature. 




Fig. 08. Air CJock. 



HOT-WATER PIPING 

Heater Connections. Where only one heater is used, the con- 
nections are practically the same as for steam heating, except that no 
check-valves are used. 

Where two boilers are to be connected and arranged to be run 
independently or together, valves must be inserted somewhat as shown 

Main Return 




Fig. 00. Arrangement of Valres for Two Boilers which are to Run 

Independently or Together. 

by the plan view represented in Fig. 99. It is important that safety- 
valves be used with this arrangement, as, in case one boiler is shut 
down and then fired up without opening the stop-valves, the pressure 
due to the expanding water will burst the heater. 

Single-Main System^ The single-main system, arranged some- 
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what like the circuit system in steam heating, is sometimes employed 
for hot-water heating. Fig. 100 shows the arrangement of this sys- 
tem. The supply branches are taken from the top of the main, where 
the water is hottest; and the 
returns are connected at the 
side, the cooler water pass- 
ing along the lower portion 
of the pipe back to the 
heater. On systems of con- 
siderable size, this arrange- 
ment of piping causes the 
water in the supply main to 

1 *Ji ^1. J* Fig. 100. Single Main System. 

cool more rapidly as the dis- 

ance from the heater increases than in systems where the supply and 

return water are kept separate. 

Two-Pipe Up-Feed Syst^n. With the two-pipe up-feed system, 
the pipes should be pitched up from the boiler 1 inch in 10 feet, if 
possible. Pockets in which air can collect must be avoided, as air 
will cut oif the flow as much as a solid substance in the pipe would do. 

In the basement, the branches near the boiler should be taken 
from the side of the flow main, in order to favor the branches farther 





t§! noor Radiiator 



Fig. IW. Two-Pipe Up-Feed System. 

away, which should be taken from the top of the main. First-floor 
radiators should be given the preference, as to ease of flow in their 
connections, over riser connections with the floors above. If possible, 
feed the last first-floor radiator on a line before branching to riser. 
Fig. 101 illustrates the above points. 
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Keep the maim near the ends of long runs ample in size, even if 
somewhat lai^r than stated in the table, if runs arc long and crooked. 
No chances should be taken in regard to insuring the proper circulation 
of water in the system. Use no horizontal pipe smaller than ll-inch. 

Return mains pitch in the same direction as the Sow pipes, and 




flow /nlst 

Fig. KB. CoDoecUoDS tor lEetnm Mains. Fig. lOS. Distributing Fitting. 

are generally paired with them, the connections being made on the 
side as shown in Fig. 102, or at an angle of 45 d^rees. 

The risers should be arranged to favor the radiators on the lower 
floors, since the water tends to rise and pass by the lower radiators. 
Distributing fittings, as shown in 
Fig. 103, are often used for this 
purpose, or the pipes may be ar- 
ranged as shown in Fig. 104. 
Some labor is saved by the use 
of the special fittings described. 
Overhead - Feed System. 
Where attic space is available, 
the overhead-feed system pre- 
sents certain advantages over the 
Figm ™„8.m,„o,pip» ,„<^pipe up-teed method ot pip- 

ing. In residences, single risers are used, these serving for both 
supply and return, the water entering the top of the radiator and 
flowing back into the same riser from the lower opening in 
the radiator. No air-valves are necessary, all air passing up 
the risers and out through the vent, on the expansion tank. The 
overhead mains aie connected with a rising main large enough to 
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supply all the surface; these mains may be run around the building 
near the walls, as in the one-pipe steam circuit system; or may be 
carried down the middle of the building, with long branches extending 
to the risers near the walls, it being assumed that the radiators will be 
located near the exposed parts of the building. 

The mains and branches should pitch down toward the risers, 
permitting the air to escape freely to the expansion tank (see Fig. 105). 

Special care should be used in hot-water heating, to secure an 
easy flow. The ends of the pipes should be reamed, and long-turn 



Vent Throiiq?fRoof\ 




Fig. 106. Showing the Mains and Branches Pitched Down Towards the Risers. 

fittings used for first-class work, although, if the piping is generously 
proportioned, standard fittings will answer. A hot-water thermome- 
ter should always be placed on the boiler or near it, in the flow-main. 

Radiator Connections. For direct radiators, the connections are 
commonly 1-inch for sizes up to 40 square feet; 1 J-inch, for sizes of 72 
square feet; IJ-inch to 2-inch for sizes larger than 72 square feet. On 
floors above the first, the connections may be made smaller if the hor- 
izontal runs are short, the sizes to conform to table. 

Expansion-Tank Connections. About the simplest arrangementof 
expansion-tank connections is shown in Fig. 106. The expansion pipe 
lis commonly connected with a return line in the basement, there being 
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less likelihood of the water boiling over in ease of a hot fire with this 
arrangement than when the expansion pipe is merely an extension of a 
supply riser. There niust be no valve on this pipe, as its closure 
would almost certainly result in a bursting of some part of the system. 
Great pains must be taken to guard against the freezing of the 

expansion pipe. If there is any danger what- 
ever, a circulating pipe should be added, as 
shown, this pipe being connected with one 
of the flow-pipes or supply risers, to insure a 
continuous circulation. 

Open-Tank versus Pressure System. The 
open-tank system, although having its disad- 
vantages, is generally to be preferred to the 
pressure or closed-tank system. With the 
open-tank system, the water cannot get much 
above 212° at the heater, without boiling in 
the expansion tank and blowing part of 
the water out of the system, causing, mean- 
while, objectionable noises in the system. On 
the other hand, the open expansion tank into 
which the water can freely expand when heated 
is the best possible safety device to prevent 
overpressure. 

With the closed-tank system, a safety- 
valve is used. If it operates properly, well 
and good; otherwise an element of danger is 
introduced, and, in case an excessive prevSsure 
is developed, the heater becomes far more dan- 
gerous than a steam boiler, owing to the much 
greater volume of water in the system. 
With this system, two safety-valves with non-corrosive seats 
should be used, unless some well-tested device of demonstrated merit 
designed especially for this purpose is adopted. 

The advantage of the closed-tank system is that smaller radiators 
may be used, since they can be heated as hot with water under pressure 
as they would be if heated with steam. 

When full street pressure is applied to a system, and no ex- 
pansion tank is used, the radiators are subjected to an unnecessary 




Fig. 106. Expansion 
Tank Connections. 
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strain; and in case of rupture in any part of the system, much greater 
damage results than would be the case with an open-tank system. 

Syst^n of Forced Circulation. In extensive systems, the water 
is kept in circulation by pumps, which are capable of producing a 
much higher velocity in the pipes than could be secured by gravity. 
This system is used principally in connection with power plants, the 
water being heated in tubular heaters, by means of the exhaust steam 
from the engines. Much smaller supply mains may be used in this 
system than with steam heating, because of the greater capacity of 
water for carrying heat. On the other hand steam returns are 
smaller. 

Table X gives the capacities of expansion tanks^: 

TABLE X 
Radiation Capacities of Expansion Tanks 

PAPArrrv «» TANTC DIRBCT RaDIATINQ SURPACB 

UAFACITY &V lAWK ^^ WHICH TANK IS AUAPTBD 

200 sq. ft. 

450 " " 

700 " • " 

1000 " " 

1400 " " 

1900 " " 

2400 " " 

2900 " " 

CO.WPUTINQ RADIATION 

Computing Direct Radiation. The process of computing hot- 
water radiating surface is precisely the same as that explained for ascer- 
taining the amount of steam radiation required for a given case, with 
this important exception: the hot-water radiators give off only about 
I as much heat per square foot as is emitted by a steam radiator; 
hence calculations must be based on an allowance of 150 heat units per 
square foot of direct radiating surface per hour, instead of 260 heat 
units used in connection with steam-heating work. 

It has been stated that direct-indirect hot-water radiators are 
rarely used. In case, however, it is desired to compute the amount 
of thb class of radiation for a given service, proceed as explained for 
steam heating, but allow only f as much heat emitted per square foot 
as that given off by steam radiators. 

Computing Indirect Radiatiout With indirect hot-water radia- 
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tion in connection with the open-tank system, the radiators must be 
deeper than for steam heating, in order properly to heat the air. 

The greater depth retards the flow of air; and since the water is at 
a much lower temperature than steam, the heating capacity of indirect 
extended-surface hot-water radiators should be taken at not far from 
300 heat units per square foot per hour, as against 400 or more heat 
units for indirect steam radiation. 

To compute the amount of radiation required, proceed as ex- 
plained for indirect steam heating; that is, compute the amount of 
direct radiation as pointed out under the preceding heading, then add 
not less than 60 per cent to this amount, to ascertain the indirect radi- 
ating surface required. 

This method, though perhaps crude, has the advantages of being 
simple and of affording a check on the work, since one soon knows 
by experience about what the ratio should be to heat a room of given 
size by direct radiation. For example, take a room with 3000 cubic 
feet, to heat which the ratio for direct radiation should be, say, 1 square 
foot to 30 cubic feet, giving a 100-square foot radiator. Adding 60 
per cent for indirect radiation, gives 160 square feet, or a ratio of 1 
square foot to a little less than 20 cubic feet of space. 

Indirect hot-water radiators with extended pins or ribs will, with 
the open-tank system, give off not far from 250 to 300 heat units per 
hour per square foot of extended surface. 

DUCTS AND FLUES 

Areas of Ducts and Flues. When indirect radiation is installed 
primarily for heating, ventilation being a secondary consideration, 
it is desirable to make the flues somewhat smaller in proportion to the 
heating surface than is done with steam heating. If the flues are made 
too large, the flow through the radiators will be too rapid, and the air 
will not get hot enough. It costs far more in fuel to heat with a large 
volume of moderately warmed air than with a smaller volume of hotter 
air. 

Duct and flue proportions for hot-water heating should be approx- 
imately as follows: — Cold-air ducts, f to 1 sq. in. per sq. ft. of in- 
direct radiating surface; first-floor flues, IJ to 1^ sq. in. per sq. ft; 
second-floor flues, 1 to IJ sq. in. per sq. ft. ; third-floor flues and above, 
I to 1 sq. in. per sq. ft. of surface. 
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The backs and sides of flues in exposed walls should be covered 
with non-conducting material. 

Flue Velocities. The flue velocities will be somewhat lower than 
with steam heating, because of the lower temperature of the air. 
Reasonable allowance would be 250, 350, 400, and 450 feet per minute 
for the first, second, third, and fourth floors respectively. 

Heating Water. The size of heater or steam coil necessary to 
heat water may be very readily determined on the heat-unit basis, if 
one knows the volume of water to be heated, the number of degrees 
its temperature is to be raised, and the time during which the heating 
must be done. 

For example, what size of heater would be required to heat 300 
gallons of water in 6 hours from 60° to 160°? 

In one hour 50 gals, would be heated 100° F.; and since one gal. 
weighs 8J lbs., 50 X 8J X 100 = 41,667 heat units would be required. 

Small heaters may be counted on to transmit to the water about 
7000 heat units per pound of coal burned. The rate of combustion 
should be assumed to be from 3 to 6 pounds per square foot of grate 
per hour, according to the amount of attendance it is convenient to 
give. 

With a 4-pound rate, 28,000 heat units would be furnished per 
square foot of grate surface per hour for heating the water. Therefore 
the heat units per hour necessary to raise the temperature of the water — 
i;iz., 41, 667— divided by 28,000, gives the number of square feet of 
grate surface required, which is equal to about U corresponding to a 
diameter of 16^ inches. 

To determine the size of steam boiler and coil required to heat a 
large volume of water in a tank, proceed as follows: Take, for ex- 
ample, a 24,000-gallon tank, the water in which is to be heated from 
45° to 75° in 10 hours. Now 24,000 gals. X 8^ pounds X 30° rise in 
temperature = 6,000,000 heat units, or 600,000 heat units per hour. 

Assuming 8000 heat units to be utilized per pound of coal burned 
at, say, a 7i-pound rate, one square foot of grate will supply 60,000 heat 
units per hour; hence, 10 square feet of grate surface will be required. 

There will, however, be a certain loss of heat from the tank by 
radiation, conduction, and evaporation; therefore, not less than, say, 
12 square feet should be used in order to provide a reasonable margin. 

As to the size of steam coil required, a square foot of pipe surface 
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surrounded by circulating water may be assumed to transmit to the 
water not far from 100 heat units per degree difference in temperature 
between the steam and the water in contact with the pipe. 

Assume the steam temperature to be 230°, corresponding to a 
trifle more than 5 pounds gauge pressure. WTien the water in the tank 
is cold, the condensation of steam in the coil will be much more rapid 
than when the surrounding water becomes warmer. The average 
temperature of the water during the 10-hour period is 60°; but the 
water leaving the pipe and in contact with the upper half of its surface 
is at a considerably higher temperature than the main body of water 
in the tank; therefore, with natural circulation, it is well to make ample 
allowance for the effect of this skin of warm water surrounding the 
steam coils, and to assume that they will not give off more than f as 
much heat as that corresponding to the difference in temperature be- 
tween the steam and the water in the tank, based on 100 heat units per 
degree difference as stated above. 

In other words, allow only 66j| — or, in round numbers, 70 — heal 
units per hour per degree difference in temperature between the steam 
and the water in the tank. 

If the difference in temperature is 230°- 70°= 160°, on the 
basis stated, one square foot of coil would give off 70 X 160 = 11,200 
heat units per square foot per hour; and since 600,000 heat units must 
be supplied to the water, a 53-square foot coil or slightly larger would 
be required, equal to about 122 ft. of IJ-inch pipe. 
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INSTALLING THE DYNAMO. 

Dynamos should be located in a dry place so situated that 
the surrounding atmosphere is cool. If the surrounding air is 
warm, it reduces the safe carrying capacity of the machine and is 
likely to allow such temperature to rise in the machine itself as to 
burn out either armature or field, or both. A dynamo should not 
be installed where any hazardous process is carried on, nor where 
it would be exposed to inflammable gases or flying combustible 
materials, as the liability to occasional sparks from the commuta- 
tor or brushes might cause aerious explosions. 

Wherever it is possible, dynamos should be raised or insu- 
lated above the surrounding floor, on wooden base frames, which 
should be kept filled to prevent the absorption of moisture, and 
also kept clean and dry. When it is impracticable to insulate a 
dynamo on account of its great weight, or for any other reason, 
the Inspection Department of the Board of Fire Underwriters 
having jurisdiction may, in writing, permit the omission of the 
wooden base frame, in which case the frame should be permanent- 
ly and effectively grounded. When a frame is grounded, the in- 
sulation of the entire system depends upon the insulation of the 
dynamo conductors from the frame, and if this breaks down the 
system is grounded and should be remedied at once. 

Grounding Dynamo Frames can be effectually done by 
firmly attaching a wire to the frame and to any main water pipe 
inside the building. The wire should be securely fastened to the 
pipe by screwing a brass plug into the pipe and soldering the wire 
to this plug. When the dynamo is direct driven, an excellent 
ground is obtained through the engine coupling and the piping of 
the engine and boiler. 

Wherever high-potential machines have their frames ground- 
ed, a small board walk should be built around them and raised 
above the floor, or porcelain on glass insulators, in order that the 
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dynamo tender may be protected from a shock when adjusting 
brushes or working about the machine. 

Sufficient space should be left on all sides of the dynamo and 
especially at the commutator end, so that there may be ample 
room for removing armatures, commutators, or any other parts at 
any time. 

Circuit Brealcers and Puses* Every constant-potential gen- 
erator should be protected from excessive current by a safety fuse 
or equivalent device of approved design, in each wire lead, such 
as a circuit breaker. The latter is preferable, on account of its 
being immeasurably more accurate and convenient for resetting. 
Such devices should be placed on or as near as possible to the 
dynamo. When the needs of the service make these devices im- 
practicable, the Inspection Department having jurisdiction may, 
in writing, modify the requirements. 

The best practice is to place the fuses on the dynamo itself, 
and the circuit breakers on the switchboard. 

Waterproof Covers should be provided for every dynamo 
and placed over each machine as soon as it is shut down. !N^egli- 
gence in this matter has caused many an armature and field coil 
to bum out, as only a few drops of water are necessary to cause a 
short circuit as soon as the machine is started up again, which 
might do many dollars* worth of damage, to say nothing of the 
inconvenience caused by shutting off light or power when it is 
most needed, and for an indefinite length of time. 

Name-Plates. Every dynamo should be provided with a 
name-plate, giving the maker's name, the capacity in volts and 
amperes, and the normal speed in revolutions per minute. This 
will show exactly what the machine was designed for, and how it 
should be run. 

Wiring from Dynamos to switchboards should be in plain 
sight or readily accessible, and should be supported entirely 
upon non-combustible insulators, such as glass or porcelain ; in no 
case should any wire come in contact with anything except these 
insulators, and the terminals upon the dynamos and switchboards. 
When it becomes necessary to run these wires through a wall or 
floor, the holes must be protected by some approved non-combus- 
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tible insulating tnbe^ such as glass or porcelain, and in every case 
the tube must be fastened so that it shall not slip or pull out. 
Sections of any tubing, whether armored or otherwise, that are 
chopped oflf for this purpose, should not be used. All wires for 
dynamos and switchboard work should be kept so far apart that 
there is no liability of their coming in contact with one another, 
and should be covered with non-inflanmiable insulating material 
sufficient to prevent accidental contact, except that bus bars may 
be made of bare metal so that additional circuits can be readily 
attached. Wires must have ample carrying capacity, so as not to 
heat with the maximum current likely to flow through them under 
natural conditions. (See "Capacity of Wires Table,^' page 37.) 
So much trouble in past years has arisen from faulty construction 
of switchboards, and the apparatus placed upon them, that strict 
requirements have been necessarily adopted by engineers as well 
as insurance inspectors, and the following suggestions are recom- 
mended by the latter: 

The Switchboard should be so placed as to reduce to a min- 
imum the danger cf communicating fire to adjacent combustible 
material, and, like the dynamo, should be erected in a dry place 
and kept free from moisture. It is necessary that it should be 
accessible from all sides when the wiring is done on the back of 
the board, but it may be placed against a brick or stone wall when 
all wiring is on the face. 

The board should be constructed wholly of non-combustible 
material, but when this is impossible a hard-wood board made in 
skeleton form, and well filled to prevent absorption of moisture, is 
considered safe. Every instrument, switch or apparatus of any 
kind placed upon the switchboard should have its own non-com- 
bustible insulating base. This is required of every piece of ap- 
paratus connected in any way with any circuit. If it is found 
impossible to place the resistance box or regulator (which should, 
in every case, be made entirely of non-combustible material) upon 
the switchboard, it must \>e placed at least one foot from com- 
bustible material or separated therefrom by a non-inflammable, 
non-absorptive insulating material. A slate slab is preferable. 
Special attention ia called to the fact that switchboards should not 
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be built down to the floor^ nor up to the ceiling, but a space of at 
least ten or twelve inches should be left between the floor and the 
board, and from eighteen to twenty-four inches between the ceil- 
ing and Lhe board, in order to prevent fire from commimicating 
from the switchboard to the floor or ceiling, and also to prevent 
space being used for storage of rubbish and oily waste. 

Lightning Arresters should be attached to each side of every 
overhead circuit connected with the station. 

It is recommended to all electric light and power companies 
that arresters be connected at intervals over systems in such num- 
bers and so located as to prevent ordinary discharges entering 
(over the wires) buildings connected to the lines. They should 
be located in readily accessible places away from combustible ma- 
terials, and as near as practicable to the point where the wires 
enter the building. 

Station arresters should generally be placed in plain sight 
on the switchboard. In all cases, kinks, coils and sharp bends in 
the wires between the arresters and the outdoor lines should be 
avoided as far as possible. Arresters should be connected with a 
thoroughly good and permanent ground connection by metallic 
strips or wires having a conductivity not less than that of a No. 
6 B. & S. copper wire, and running as nearly as possible in a 
straight line from the arresters to the earth connection. 

Ground wires for lightning arresters should not bo attached 
to gas pipes within the buildings. 

It is often desirable to introduce a choke coil in circuit be- 
tween the arresters and the dynamo. In no case should the 
ground wire from a lightning arrester be put into iron pipes, as 
these would tend to impede the discharge. 

Unless a good, damp ground is used in connection with all 
lightning arresters, they are practically useless. Ground con- 
nections should be of the most approved construction, and should 
be made where permanently damp earth can be conveniently 
reached. For a bank of arresters such as is commonly found in 
a power house, the following instructions will be found valuable : 
First, dig a hole six feet square directly under the arresters, until 
permanently damp earth has been reached ; second, cover the bot- 
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torn of this hole with two feet of crushed coke or charcoal (about 
pea size) ; third, over this lay twenty-five square feet of No. 16 
copper plate; fourth, solder at least two ground wires, which 
should not be smaller than No. 6, securely across the entire sur- 
face of the ground plate ; fifth, now cover the ground plate with 
two feet of crushed coke or charcoal ; sixth, fill in the hole with 
earth, using running water to settle. 

All lightning arresters should be mounted on non-combustiblft 
bases and be so constructed as not to maintain an arc after the 
discharge has passed ; they should have no moving parts. 

Testing of Insulation Resistance. AH circuits except those 
permanently grounded should be provided with reliable ground 
detectors. Detectors which indicate continuously and give an in- 
stant and permanent indication of a ground are preferable. 
Ground wires from detectors should not be attached to gas pipes 
within the building. 

Where continuously indicating detectors are not feasible, the 
circuits should be tested at least once per day. 

Data obtained from all tests should be preserved for examin- 
ation. 

Storage or Secondary Batteries should be installed with as 
much care as dynamos, and in wiring to and from them the same 
precautions and rules should be adopted for safety and the pre- 
vention of leaks. The room in which they are placed should be 
k(»pt not only dry, but exceptionally well aired, to carry off all 
fumes which are bound to arise. The insulators for the support 
of the secondary batteries should be glass or porcelain, as filled 
wood alone would not be approved. 

Care of Dynamos. A few suggestions as to the care of the 
dynamo, as well as its installation, may be of value ; and one of the 
important points under this head is that the driving power should 
have characteristics of steadiness and regularity of speed, and 
should always be sufficient to drive the dynamo with its full load, 
besides doing the other work which it may be called upon to sus- 
tain. Unsatisfactory results are always obtained by attempting 
to run a dynamo on an overloaded engine. 
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Wooden bed-plates are supplied, when ordered, for all dyna- 
mos, except in the largest and direct-connected machines. 

Most machines are fitted with a ratchet and screw bolt, so 
that they may be moved backward or forward on the bed-plate in 
a direction at right angles to the armature shaft. By this means 
the driving belt can be tightened or loosened at will, while the 
machine is in operation. Care should be taken in tightening the 
belt not to bind the bearings of the armature and force the oil 
from between the surfaces of the shaft and boxes. Such practice 
will inevitably cause heating of the bearings and consequent in- 
jury. 

Machines are usually assembled, unless ordered otherwise, so 
that the armature revolves clock-wise when the observer faces the 
puUey end of the shaft. All bipolar dynamos, however, may be 
driven in either direction by reversing the brushes and changing 
field connections: 

The machine is provided with a pulley of the proper size to 
transmit the power demanded, and a smaller one should not be 
substituted unless approval be obtained from the makers. 

When driving from a countershaft, or when belted directly 
to the main shaft, a loose pulley or belt holder should be used, to 
admit of starting and stopping the dynamo while the shafting is 
running. 

Belts. A thin double or heavy single belt should be used, 
about a half inch narrower than the face of the pulley on the dy- 
namo. An endless belt, one without lacing, gives the greatest 
steadiness to the lights. 

All bolls and nuts should be firmly screwed down. All 
nuts which form part of electrical connections should receive 
special attention. 

The copper commutator brushes are carefully ground to fit 
the commutator, and they should be set in the holders so as to 
bear evenly upon its surface. On machines where two or more 
brushes are supported on one spindle, the brushes on the same side 
of the commutator must be set so that they touch the same seg- 
ments in the same manner. The brushes on the other side of the 
commutator must be set to bear on the segments diametrically 



806 



ELECTRIC WIBING 



opposite. When the brashes are not so set it is impossible to run 
the machine without sparking. A convenient method of deter- 
mining the proper bearing point for the brushes is to set the toe 
of one brush at the line of insulation, dividing two segments of 
the commutator; then count the dividing lines for one-half the 
way around the surface, and set the other brush or brushes at the 
line diametrically opposite the first. Thus, on the forty-four 
segment commutator, after setting the tip of one brush at a line 
of insulation, count around twenty-three lines, setting the other 
brush at the twenty-third line, thus bringing the tips directly op- 
posite each other. The angle which the brushes foim with the 
surface of the commutator should be carefully noted, and the 
brushes should not be allowed to wear so as to increase or decrease 
this angle. Careless handling of the machine is at once indicated 
by the brushes being worn either to a nearly square end, or to a 
long taper in which the forward wires of the brush far outrun the 
back or inside wires. Either condition will inevitably be attended 
with excessive wear of both commutator and brushes. 

After copper brushes are set in contact with the commutator, 
the armature should never be rotated backward. If it is required 
to turn the armature back, raise the brushes from the commutator 
by the thumb screw on the holder provided for that purpose, be- 
fore allowing such rotation. When starting a machine, it is al- 
ways better to let the brushes down upon the commutator after 
the machine has started, rather than before, except when carbon 
brushes are used. 

Bearing^. See that the bearings of the machine are clean 
and free from grit, and that the oil reservoirs are filled with a 
good quality of lubricating oil. The oil reservoirs should always 
be examined before starting, and all loose grit removed. After 
starting the machine, the oil should be all drawn off at the end of 
each day^s run for the first three or four days, after which it may 
be assumed that any remaining grit has been carried off with the 
oil, and it will Only be necessary to add a little fresh oil once in 
seven or ten days. 

StartiniT (Jp a Dynamo or ilotor. Fill the oil reservoirs 
and see that the automatic oiling rings are free to move. In the 
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case of dynamos fitted with oil cims, start the oil running at a 
moderate rate. Too little oil will result in heating and injury of 
the bearings, but, on the other band, excessive lubrication is un- 
necessary, wasteful and sometimes productive of harm. 

When the dynamo is ready to be started, place the driving 
belt on the pulley on the armature shaft, and then slip it from 
the loose pulley or belt holder on to the driving pulley on the 
countershaft. Tighten the belt by means of the ratchet on the 
bed-plate, just sufficiently, to keep it from slipping. Care should 
be taken not to put more pressure than is necessary on new bear- 
ings; carelessness in this respect is often followed by heating of 
the boxes, and possible permanent injury. 

The brushes may now be let down upon the commutator, and 
the magnets will be slowly energized. !Move the brushes slowly 
backward or forward by means of the yoke handle until there is 
no sparking at the lower brushes. Clamp the yoke in this posi- 
tion. If the top brushes then spark, move them slightly, one at a 
time, forward or backward in the brush holder until their non- 
sparking point is found. 

The spring pressure exerted upon the commutator brushes 
should be just sufficient to produce a good contact without causing 
cutting. If the brushes cut, the commutator must be smoothed 
by the use of sandpaper, not emery cloth. 

The dynamo should run without load, at the speed given by 
the manufacturer, and this speed should be uniformly maintained 
under all conditions. In the case of incandescent dynamos, any 
increase of speed above that given, shortens the life of the lamps, 
while a variation below causes unsatisfactory lights. 

Before the load is put Ofiy tlie dynamo should be tested for 
polarity. This can be done by holding a small pocket compass 
near the field or pole piece. If the dynamo is connected to be 
run. in multiple with another machine and happens to be polar- 
ized wrong, it can be given the right polarity by lifting the brushes 
from the commutator, closing the field switch and then closing 
the double-pole switch used to throw it in multiple with the other 
machine, which is supposed to be now running. After the cur- 
rent has been allowed to pass through the fields for a few moments. 
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the double-pole switch can be thrown open, and if a test with the 
compass is again made the polarity will be found to be right, and 
the dynamo is ready to be started in the usual manner. 

In starting for the first time a bipolar dynamo which is to be 
run in multiple with a spherical armature dynamo, the above in- 
structions should always be followed. 

If the dynamo is to be used in series with another on the 
three-wire system, and is found to be polarized wrong, it can be 
given the right polarity by making a temporary connection from 
the positive brush of the new machine to the positive brush of the 
machine already in operation; and also a temporary connection 
from negative brush to negative brush, having first raised the 
brushes from the commutator and closed the field switch. Keep 
this connection for a few minutes, then open the -field switch and 
break the temporary connections. 

Another test with the compass will show that the polarity of 
the machine is now correct, and the dynamo is ready to be started 
in the usual manner. 

Assuming that the lamps and lines are all ready, the follow- 
ing precautions must be observed when starting the dynamo : 

Be very careful that the brushes are properly set and dia- 
metrically opposite each other, as explained before. 

Be sure that all connections are securely made, and all nuts 
on the connection boards firmly set. 

In cases where two or more dynamos are connected in multi- 
ple by the use of the equalizing connection, care should be taken 
that the circuit wires from both jwsitive brushes are connected to 
the same side of the main line, while those from the negative are 
connected to the other side. 

A neat arrangement of the equalizing connection can be 
made by using triple-pole switches on the switchboard, instead of 
double-pole switches, and making the equalizing connections 
through the center pole of the switch, instead of running a cable 
direct from one dynamo to the other. This method is especially 
desirable where three or more dynamos are run in multiple. 

When dynamos are connected in series, as in the cases where 
the three-wire system is in use, the leading wire from the positive 
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brush of one machine is connected to the negative brush of the 
other. The other two brushes (negative and positive) are con- 
nected to the main wire on the outside of the system, while the 
third or center wire is connected to the conductor between the two 
dynamos. 

Dust or Qritty Substances* All insulations should be care- 
fully cleaned at least once a day. 

If any of the connections of the machine become heated, ex- 
amination will show that the metal surfaces are not clean or not 
in perfect contact. Avoid the use of water or ice on the bearings 
in case of accidental heating, as the water may get to the arma. 
ture and injure the insulation. 

The Commutator should be kept clean and allowed to pol- 
ish or glaze itself while running. No oil is necessary, unless the 
brushes cut, and then only at the point of cutting. A cloth 
slightly greased with vaseline is best for the purpose. Never 
use sandpaper on the commutator without first lifting the brushes. 
Otherwise the grit will stick to the brushes and cut the commu- 
tator. 

Brushes. Care should be taken to keep copper commutator 
brushes in good shape, and not to allow them to be worn out of 
square ; that is, too much to one side, so that the end is not worn 
at right angles to the lateral edges. 

When the machine is not running, the brushes should always 
be raised from the commutator. The brushes should be kept 
carefully cleaned, and no oil or dirt allowed to accumulate upon 
them. This can be done by washing them occasionally in benzine 
or in a hot solution of soda ash. 

Manufacturers usually furnish a gauge, which should be 
used occasionally to test the wearing of the brushes. If they are 
found to be worn either too flat or too blunt, they should be filed 
in proper shape, or, better still, ground on a grindstone. Carbon 
brushes require less care. Spindles upon which the brush holders 
are arranged to slide should be cleaned with emery cloth often 
enough to prevent tarnishing or the collection of dirt, which 
might cause heating by impairing the electrical connection. 

Brush holders that can be moved laterally on the spindle by 
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which they are supported, should be so arranged that the top and 
bottom brushes will bear on different parts of the length of the 
commutator, for the purpose of distributing the wear more uni- 
formly. 

In case of a hot box the most natural thing to do is to shut 
the machine down, but this should never be done until the fol- 
lowing alternatives have been tried and failed: 

First — Lighten the load. 

Second — Slacken the belt. 

Third — ^Loosen the caps on the boxes a little. 

Fourth — Put more oil in bearings. 

Fifth — If all the above fail to remedy the heating, use a 
heavy lubricant, such as vaseline or cylinder oil. Should the 
heating then diminish, the shaft must be polished with crocus 
cloth and the boxes scraped at the end of the day. 

Sixth — Under no conditions put ice upon the bearing, un- 
less you are perfectly familiar with such a procedure. 

Seventh — If it is absolutely necessary to shut down, get the 
belt off as soon as possible, keeping the. machine revolving mean- 
while in order to prevent sticking, and at the same time take off 
the caps of the bearings. Do not stop the flow of oil to the bear- 
ings. When the caps have been taken off, stop the machine and 
get the linings out immediately, and allow them to cool in the air. 
Do not throw the linings into cold water, as it is liable to spring 
them. 

Scraping should be done only by an experienced person, 
otherwise the linings may be ruined. Polish the shaft with cro- 
cus cloth, or, if badly cut, file with a very fine file, and afterwards 
polish with crocus. 

Wipe the shaft, as well a& the boxes, very carefully, as per- 
haps grit has been the cause of the hot box. Inspect the bearings ; 
see that they are in line, that the shaft has not been sprung, and 
that the oil collar does not bear against the box. 

Oily Waste should be kept in approved metal cans (made 
entirely of metal, with legs raising them at least three inches 
above the floor and with self-closing covers), and removed daily. 

A competent man should always be kept on duty where gen- 
erators are operating. 
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THE INSTALLATION OF MOTORS. 

All motors should be insulated on floors or base frames^ which 
should be kept filled to prevent absorption of moisture; also they 
should be kept clean and dry. Where frame insulation is im- 
practicable, the Inspection Department having jurisdiction may, 
in writing, permit its omission, in which case the frame should be 
permanently and eflfectively grounded. 

A high-potential machine which on account of great weight 
or for other reasons cannot have its frame insulated, should be 
surrounded with an insulated platform. This may be of wood, 
mounted on insulating supports, and so arranged that a man must 
stand upon it in order to touch any part of the machine. 

The leads or branch circuits should be designed to carry a 
current at least fifty per cent greater than that required by the 
rated capacity of the motor, to provide for the inevitable over- 
loading of the motor at times, without over-fusing the wires. 

The motor and resistance box should be protected by a cut- 
out or circuit breaker, and controlled by a switch, the switch 
plainly indicating whether "on" or "off." Where one-fourth 
horse power or less is used on low-tension circuits a single-pole 
switch will be accepted. The switch and rheostat should be lo- 
cated within sight of the motor, except in cases where special 
permission to locate them elsewhere is given, in writing, by the 
Inspection Department having jurisdiction. 

In connection with motors the use of circuit breakers, auto- 
matic starting boxes and automatic under-load switches is recom- 
mended, wherever it is possible to install them. 

Motors should not be run in series, multiple, or multiple- 
series, except on constant-potential systems, and then only by 
special permission of the Inspection Department having juris- 
diction. 

Like generators, they should be covered with a waterproof 
cover when not in use, and if necessary, should be inclosed in an 
approved case. 

Motors, when combined with ceiling fans, should be hung 
from insulated hooks, or there should be an insulator interposed 
between the motor and its support. 
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Every motor should be provided with a name-plate, giving 
the maker's name, the capacity in volts and amperes, and the 
normal speed in revolutions per minute. 

One rule at all times to be remembered in starting and 
stopping motors is. Switch first, rheostat last, which means, in 
starting, close the switch first, and then gradually cut out all re- 
sistance as the motor speeds up, and to stop the motor open the 
switch first and then cut in all the resistance of the rheostat 
which is in series with the motor armature. 

When starting any new motor for the first time, see that the 
belt is removed from the pulley and the motor started with no 
load. Never keep the rheostat handle on any of its coils longer 
than a moment, as they are not designed to regulate the speed of 
the motor but to prevent too large a flow of current into the 
armature before the latter has attained its full speed. 

Fig. 1 shows a rheostat which is designed to protect auto* 
matically the armature of a motor. The contact arm is fitted with 
a spring which constantly tends to throw the arm on the "off 
point'* and open the circuit, but is prevented from so doing, while 
the motor is in operation, by the small electro-magnet, shown on 
the face of the rheostat, which consists of a low-resistance coil con- 
nected in series with the field winding of the motor. This mag- 
net holds the contact arm of the rheostat in the position allow- 
ing the maximum working current to flow through the armature 
while it is in operation. 

If, for any reason, the current supplied to the motor be 
momentarily cut off, the speed of tiie armature generates a coun- 
ter current which also tends to hold the arm in position as long 
as there is any motion to the motor armature ; but as soon as the 
armature ceases to revolve, all current ceases to flow through the 
electro-magnet, thereby releasing the rheostat handle, which flies 
back to the "off point,*' as shown in the illustration, and the 
motor armature is out of danger. Such a device is of great value 
where inexperienced, men have to handle motors, and are unaware 
that the first thing to be done when a motor stops, for any reason 
whatever, is to open the circuit, and then cut in all the resistance 
in the rheostat to prevent too large an in-rush of current when 
the motor is started up iu;ain. 
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An approved installation in every detail; wiring connections for shunt- 
wound 4-poIe motor, using double-pole fuse cut-out instead of circuit breaker. 
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The Circuit Breaker for under and over loads is also a most 
valuable protection in such cases. 

Motor Wiring Pormuls— (Direct Current). To find the 
size of wire, in circular mils, required to transmit any power 
any distance at any required voltage and with any required loss, 
we have the following formula. Having found the required 
number of circular mils, it is advisable to add 50 per cent more 
for safety. 

e = potential of motor. (i= distance from generator to motor. 

V = volts lost in lines. K = efficiency of motor. 

10.8 = resistance in ohms of 1 foot of 97 per cent 

pure copper wire one mil in diameter. 

h. p. of motor X 746 X 2^ X 10.8 X 100 
cm. = — ^ == 

To find size of wire from cm., see table, page 37. 

AVERAGE MOTOE EFFICIENCY. 

• 

1 h. p ^ 75 per cent 

3 h. p 80 per cent 

6 h. p 80 per cent 

10 h. p. and over 90 per cent 

For Most Cases — (Small Installations). The table and exam- 
ples worked out on pages 38, 39 and 40 will give the desired 
results without the above formulae. 

To find current required by a motor when the horse power, 
efficiency and voltage are known, use the following formula: 
Let C = current to be found. H. P. = horse power of motor. 
E = voltage of motor cir- K = efficiency of motor, 
cuit. 

H. P. X 746X100 

^~ EXK 

Or, when possible, use table I. 

By adding the volts indicated in table II. to the voltage of 
the lamp or motor, the result shows the voltage at the dynamo for 
losses indicated. Thus 10 per rtent on 110-volt system is: 12.22 
volts added to 110 equal 122.22, showing that the dynamo must 
generate 122.22 volts for a 10 per cent loss. 
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0UT5IDB WIRING AND CONSTRUCTION. 

Service Wires (those leading from the outside main wire 
to the buildings and attached to same) should be "Rubber-Cov- 
ered." 

Line Wires, other than service wires, should have an approved 
"weatherproof covering." 

Bare Wires may be used through uninhabited and isolated 
territories fifee from all other wires, as in such places wire cover- 
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Fig. 2. 

An approved installation in every detail; wiring connections for shunt- 
wound bipolar motor, using circuit breaker instead of double-pole fuse cut-out 

ing would be of little use, as it is not relied on for pole insulation, 
and is not needed for other purposes, because the permanent 
insulation of the wires from the ground is assured by the glss^ 
or porcelain petticoat insulators to which the wires are secured. 

Tie Wires should have an insulation equal to that of the 
conductors they confine. 
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Fig. 3. 

An approved installation in every detail, with wiring connections for shunt- 
wound multipolar slow speed ceiling motor for direct connection to line shaft 
Using both circuit breaker and double-pole fuse cut-out 
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Space Between Wires for outside work, whether for high 
or low tension, should be at least one foot, and care should be 
exercised to prevent any possibility of a cross connection by 
water. Wires should never come in contact with anything except 
their insulators. 

Roof Structures. If it should become necessary to run 
wires over a building, the wires should be supported on racks 
which will raise them seven feet above flat roofs or at least one 
foot above the ridge of pitched roofs. See Fig. 4. 

Quard. Arms. Whenever sharp corners are turned, each 
cross arm should be provided with a dead insulated guard arm 
to prevent the wires from dropping down and creating trouble, 
should their insulating support give way. 

Petticoat Insulators should be used exclusively for all out- 
side work, and especially on cross arms, racks, roof structures 
and service blocks. Porcelain knobs, cleats or rubber hooks 
should never be used for this heavy outside work. 

Splicing of two pieces of wire or cable should be done in 
such manner as to be mechanically and electrically secure with- 
out solder. The joints should then be soldered to prevent corro- 
sion and consequent bad contact. All joints thus made should be 
covered with an insulation equal to that of the conductors. 

Tree Wirinsf. Whenever a line passes through the branches 
of trees, it should be properly supported by insulators, as shown 
in Fig. 5, to prevent the chafing of the wire insulation and 
grounding the circuit. 

Service Bioclcs which are attached to buildings should have 
at least two coats of waterproof paint to prevent the absorption 
of moisture. 

Entrance Wirea. Where the service wires enter a build- 
ing they should have drip loops outside, and the holes through 
which the conductors pass should be bushed with non-combustible, 
non-absorptive insulating tubes slanting upward toward the in- 
side. See Fig. 6. 

Telesrapli and Teleplione wires should never be placed on 
the same cross-arm with light or power wires, especially when 
altemati;:g currents are used, as trouble will arise from induc- 
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Fig. 8. 
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tioQ, unless expensive special construction, such as the transposing 
of tbe lighting circuits, be resorted to at regular intervals. Even 
under these conditions it is had practice, as an accidental contact 
with the lighting or power circuit might result in starting a 
fire in the building to which the telephone line is connected. If, 
however, it is necessary to place tel^;raph or telephone wires 
on the same poles with lighting or power wires, the distance be- 
tween the two inside pins 'of each cross-arm should not be less 
than twenty-six inches, and the metallic sheaths to cables should 
be thoroughly and permanently connected to earth. 

Transformer* should not be placed inside of any buildings 
except central stations, and should not be attached to the outside 
walls of buildings, unless separated therefrom by substantial sup- 
ports. 

In cases where it Is impossible to exclude the transformer 
and primary wiring from entering the building, the transformer 
should be located as near as pos- 
sible to the point where the 
primary wires enter the build- 
ing, and should be placed in a 
vault or room constructed of or 
lined with fire-resisting mate- 
Fig_ 5_ rial, and containing nothing but 

Porcelain tnbcDMdiilieTa wires enter buUd- the transformer. In every case 
Insi, thovtoK drip loop la lAn, , . , , 

the transformer must be insu- 
lated from the ground and the room kept well ventilated. It is 
of course the safest and best practice to place all transformers on 
poles away from the building that is to be lighted, as illustrated 
in Fig. 7. 

The Qroundinc of Low^Poteatlal Circuits ia allowed only 
when such circuits are so arranged that under normal conditions 
of service there will be no passage of current over the ground wire. 

In Direct-Current 3-Wire Systems the neutral wires may 
be grounded, and when grounded the following rules should be 
complied with: 

1. They should be grounded at the central station on a 
metal plate buried in coke beneath permanent moisture level, and 
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also through all available underground water and gas pipe 



2, In underground systems the neutral wire should also be 
grounded at each distributing box through the box. 

3. In overhead systems the neutral wire should be grounded 
every 500 I'eot. 

When grounding the neutral point of transformers or the 



"w 



D 






^ 
^^'^1 



tZJ 



FiK.7. 

Cunslruction work; installmK transt'ormcTk 

neutral wire of distributing systems the following rule should 
be complied with : 

1. Transfonnera feeding two-wire systems should be 
grounded at the center of the secondary coils, and when feeding 
Bystems with a neutral wire, should have the neutral wire grounded 
at the transformer, and at least every 500 feet for underground 
systems. 

In making ground connections on low-potential circuits, the 
ground wire in direct-current 3- wire systems should not at central 
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stations be smaller than the neutral wire, and not smaller than 
No. 6 B. & S. elsewhere. 

In AiternatioK-Current Systems the ground wire should never 
be less than No. 6 B. & S., and should always have equal carrying 
capacity to the secondary lead of the transformer, or the combined 
leads where transformers are banked. 

These wires should be kept outside of buildings, but may be 
directly attached to the building or pole, and should be carried 
in as nearly a straight line as possible, all kinks, coils and sharp 
bends being avoided. 

The ground connection for central stations, transformer sub- 
stations, and banks of transformers should be made through metal 
plates buried in coke below permanent moisture level, and con- 
nection should also be made to all available underground piping 
systems, including the lead sheath of underground cables. 

For individual transformers and building services the ground 
connection may bo made to water or other piping systems running 
into the buildings. This connection may be made by carrying 
the ground wire into the cellar and connecting on the street side 
of meters, main cocks, etc., but connection should never be made 
to any lead pipes which form part of gas services. 

In connecting ground wires to piping systems, wherever pos- 
sible, the wires should be soldered into one or more brass plugs 
and the plugs forcibly screwed into a pipe fitting, or, where the 
pipe is cast iron, into a hole tapped into the pipe itself. For 
large stations, where connecting to underground pipes with boll 
and spigot joints, it is well to connect to several lengths, as the 
pipe joints may be of rather high resistance. Where such plugs 
cannot bo used, the surface of the pipe may be filed or scraped 
bright, the wire wound around it, and a strong clamp put over the 
wire and firmly bolted together. 

Where ground plates are used, a No. 16 copper plate, about 
3 by 6 feet in size, with about two feet of crushed coke or char- 
coal, about pea size, both under and over it, would make a ground 
of sufficient capacity for a moderate-sized station, and would prob- 
ably answer for the ordinary sub-station or bank of transformers. 
For a large central station considerable more area might be neccs- 
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ALTERNATINa 
GROUND DETECTOR 
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IF THE LAMP BURNS A 
GROUND IS INDICATED ON 
THE OPPOSITE SIDE OF THE 
CIRCUIT FROM THAT TO 
WHICH THE SWITCH iS 
CONNECTED 

Fig. 8. 
Connections of Ground Detectors. 
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sary, depending upon the underground connections available. 
The ground wire should be riveted to such a plate in a number of 
places, and soldered for its whole length. Perhaps even better 
than a copper plate is a cast iron plate, brass plugs being screwed 
into the plate to which the wire is soldered. In all cases, the 
joint between thlB plate and the ground wire should be thoroughly 
protected against corrosion, by suitable painting with waterproof 
paint or some equivalent. 

Oround Detectors. Fig. 8 illustrates a few practical meth- 
ods of detecting grounds on alternating and direct-current circuits 
which have not been purposely grounded. 

In using any one of these methods for detecting grounds, 
always see that the circuit to ground is left open after testing the 
outside circuits. 

Some central station men are in the habit of leaving the 
ground circuit closed on one side constantly in order that any 
ground that might occur on the other side may be instantly 
noticed. This, however, is bad practice, as it greatly reduces the 
insulation of the whole system. . Test all circuits at least once a 
day. 

Ic is sometimes necessary to know just what the insulation 
resistance of a line, or of the wiring, in a building, is in ohms. 
This can be found very readily, and closely enough for all prac- 
tical purposes, by using a Weston volt meter in the following 
manner : 

Connect with a wire from one side of the circuit to one 
binding post of the volt meter, and with another piece of wire con- 
nect a water pipe to the other binding post of the volt meter. If 
the needle or pointer shows any deflection we know there is a 
ground, or leakage, on the opposite side of the circuit to which 
the volt meter is connected. 

The resistance of this ground leak may be found by the 
following formula: 

R = r ( 1) ohms when R ^= resistance of ground leak 

required, r = resistance of volt meter, V = voltage between the 
positive and negative sides of the line, v = reading in volts, on 
the instrument, produced by the leakaga 
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Primary Wirlni^* Primary wires should be kept at least 
ten inches apart, and at that distance from conducting material. 
Primary wires carrying over 3,500 volts should not be brought 
into or over any building other than the central power station or 
sub-station. 

Wires for Outside Use bave in most cases a "weatherproof" 
insulation, except service wires, which should be "rubber-covered." 
Any insulating covering for wires exposed to the weather on poles 
is in a short time rendered useless. The real insulation of the 
system will be found to be dependent upon the porcelain or glass 
insulators. 

POLES FOR UQHT AND POWER WIRES. 

It is essential to a proper installation that the poles receive 
due consideration, a fact that is top often overlooked. 

In selecting the style of pole necessary for a certain class of 
work the conditions and circumstances should be considered. 
Poles may be arranged in three classes, the size of wire which 
they are to carry respectively being one of the important regulat- 
ing circumstances. 

First Class: Alternating-current plants for lighting small 
towns. Main line of poles should consist of poles from 30 to 35 
feet long, with 6-inch tops. These are strong enough for all the 
weight that is placed upon them. No pole less than 30 feet 
with 6-inch top should be placed on a corner for lamps. The 
height of trees, of course, must be considered in many cases. For 
the Edison municipal system, where more than one set of wires 
are used for street lighting, a 6-inch top should be the size of the 
poles, the length being not less than 30 feet, and greater than this 
if the streets be hilly and filled with trees. 

Second Class: Town lighting by arc lights. All poles 
should be at least 6-inch tops. The corner poles should' be 6J- 
inch tops; and wherever the cross-arms are placed on a pole at 
different angles, the pole should be at least a 6i-inch top. A 30- 
foot pole 18 sufiiciently long for the main line, but it would bo 
advisable to place 36-foot poles on corners. 
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Third Class: Where heavy wire, such as No. 00, is used 
for feeder wire, the poles should be at least 7-inch tops. Where 
mains are run on the same pole line the strain is somewhat 
lessened, and poles of smaller size will answer all purposes. 

Cull Poles. The question as to what is a cull pole is some- 
thing on which many authorities differ. Of course, if specifi- 
cations call for a certain sized pole, parties supplying the poles 
should be compelled to send the sizes called for. All poles that , 
are smaller at the top than the sizes agreed upon, are troubled 
with dry rot, large knots and bumps, have more than one bend, or 
have a sweep of over twelve inches, should certainly be classed 
as cull poles. Specifications for electric light and power work 
should be, and in many cases are, much more severe than those 
required by telegraph lines. A cull pole, one of good material, 
is the best thing for a guy stub, and is frequently used for this 
purpose. A cedar pole is always preferable to any other, owing 
to the fact that it is very light compared with other timber, and 
is strong, durable and very long lived. 

Pole Settlnf • It seems to be the universal opinion of the 
best construction men that a pole should be set at least five feet 
in the ground, and six inches additional for every five feet above 
thirty-five feet. Also additional depths on comers. Wherever 
there is much moisture in the ground, it is well to paint the butt 
end of the pole, or smear it with pitch or tar, allowing this 
to extend about two feet above the level of the ground. This pro- 
tects the pole from rot at the base. The weakest part of the pole 
is just where it enters the ground. Never set poles farther than 
125 feet apart ; 110 feet is good practice. 

Pole Holes should be dug large enough so that the butt of 
the pole can be dropped straight in without any forcing, and 
when the pole is in position only one shovel should be used to fill 
in, the earth being thoroughly tamped down with iron tampers 
at every step until the hole is completely filled with solidly 
packed earth. Where the ground is too soft for proper tamping, 
a grouting composed of one part of Portland cement to two parts 
of sand, mixed with broken stone, may be used to make an arti- 
ficial foundation. 
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ANGLE or BRACeS 
WILL BE GOVERNED 
BY CIRCUMSTANCES 




BLOCK S^XX 
X VARIES AS 
THE DIAMETER 
OF THE POLE. 




Z\ 
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FIG. 2 

Fig. 9. 

CONSTRUCTION WORK; POSITION OP CROSS-ARHS WHEN 

TURNING CORNERS. 

When running a heavy line wire it is necessary to use two cross-arms 
fastened as shown above in Fig. 2. If lines are not heavy, only one cross-arm 
will be necessary. In case lines cross the street diagonally, the arms where 
the wires leave and those to which they run are both set at an angle. When 
turning an abrupt comer only one arm is turned. The above cannot be used 
where feeders tap into double branches. In such a case the method gives 
in Fig. 1 is used. 
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TABLB III. 

Cedar PolM fur Btoctilc Ugkt WMk. 





Average 


No. of 




Average 


No. of 




weight, 


Poles 




weight, 


Poles 


SIZE. 


pounds 


to a Car. 


SIZE. 


pounds 


to a Car. 


i 


each. 






each. 




26ft.,5-uichtop 
25 •* 6* " ''^ 


200 


150 


36 ft., 7-inoh top 
40 " 6 " •'^ 


650 


90 


225 


130 


800 


80 


26 " 6 " " 


260 


120 


40 " 7 " 


900 


75 


28" 7 " " 


400 


80 


46 " 6 " 


900 


70 


30" 5 " " 


300 


110 


45 " 7 " 


1000 


65 


30" 6 " " 


350 


90 


60 " 6 " 


1200 


55 


30 " 7 " " 


420 


76 


56 " 6 " 


1400 


45 


36" 6 " - 


550 


100 






V 



Paintlns^. When poles are to be painted^ a dark olive greeu 
color should be chosen, in order that they may be as inconspicuous 
as possible. One coat of paint should be applied before the polo 
is set, and one after the pole is set. Tops should be pointed to 
shed water. 

All poles 3S feet long and over must be loaded on two cars. 

For chestnut poles add SO per cent to weights as given in 
table. 

Cross-Arms, The distance from the top of the pole to the 
cross-arm should be equal to the diameter of pole at the top. 
All cross-arms should be well painted with one coat of paint 
before placing, and must be of standard size as shown in the 
diagrams. Cross-arms of four or more pins should be braced, 
using one or two braces as occasion demands. Cross-arms on one 
pole should face those on the next, thereby making the cross-arms 
on every other, pole face in one direction. All pins should have 
their shanks dipped in paint and should be driven into the cross- 
arm while the paint is wet. The upper part of the pin should 
also be painted. Iron pins may be furnished for comers where 
there is a heavy strain, but are not advised, it being preferable to 
use the construction as shown in the diagrams. Put double arms 
on the pole where feeder wires end. 

Quard Irons. Ouard irons should be placed at all angles in 
lines, and on break-arms. 

Steps. All junction and lamp poles should be stepped so 
that the distance between steps on the same side of the pole will 
not be over 86 inches. Poles carrying converters should also be 
stepped. 
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Quys. All poles at angles in the line must be properly 
guyed, using No. 4 B. & S. galvanized iron wire, or two No. 8 
wires twisted. All junction poles should also be guyed. Never 
attach a guy wire to a pole so that it prevents a cross-arm from 
being removed. 

For alternating work, double petticoat insulators are recom- 
mended. Pole brackets, except in connection with the tree insu- 
lators, should not be used. 

Tape should be secured at either end of a joint by a few 
turns of twine. When looping for lamps, etc., leave coiled 
sufficient wire, without waste, to reach lamp or building without 
joints. In cutting arc or incandescent lamps into an existing 
circuit, use a piece of "rubber-covered" wire. Feeder wires should 
be strung on the cross-arms above the mains. 

For good distribution, arc lamps should not be placed more 
than 800 feet apart. The lamps may be brought nearer together 
if a greater degree of illumination is desired. 

Primary Wires on Poles. When running more than one 
circuit of primarieF .upon the same line of poles the wires of each 
circuit should be run parallel and on adjacent pins, as shown 
below, so as to avoid any fluctuation in the lamps due to induc- 
tion. The lines lettered A and A are for circuit No. 1, and 

B and B for circuit No. 2, etc. 

A 

A 

B 

B 

When connecting transformers to 1,000- volt mains a dotible- 
pole cut-out is placed in the primary circuit. For 2,000- volt cir- 
cuits a single-pole cut-out should be placed in each side of the 
line, thus avoiding any possible short circuit due to an arc being 
established across the contacts of the double-pole cut-out. This, 
owing to the greater difference of potential between opposite poles, 
is liable to occur when the fuses "blow." 

INSIDE WIRINQ. 

Approved «*Rubl)er-Covered" Wire should be used exclu- 
sively in all interior wiring. Although the Fire Underwriters 
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allow "Slow Burning*' weatherproof wire to be used in dry places 
when wiring is entirely exposed to view and rigidly supported on 
porcelain or glass insulators, "Rubber-Covered'' wire is always 
preferable. 

The copper conductors, before being rubber covered, should 
be thoroughly tinned, and the thickness of the rubber covering 
should conform to the following table : 

TABLE V. 

RcquUlte ThlckacM of Rubber CoveriDg for Wirtt. 

For voltages up to 600 : 

From Na 18 to Na 16 inclusive, A in* 

•• 14 to « 8 « A in. 

• 7 to " 2 •• A in. 
- 1 to - 0000 •• A in. 

• 0000 to " BOOOOO cm. • A in- 

• £100000 c m. to « 1000000 •• • A in. 
Lai^erthan " 1000000 • • i in. 

For voltages between 600 and 3,500: 

From Na 14 to Na 1 inclusive, A >n. 

to " fiOOOOO cm." A in. { covered by 
Lai^erthan 600000 «• '• A in. ) braid or tape. 

«'Slow Burning: Weatherproof** Wire should have an insu- 
lation consisting of two coatings, the inner one to be fireproof 
in character and the other to be weatherproof. The inner fire- 
proof coating should comprise at least six-tenths of the total thick- 
ness of the wall. 

The complete covering should be of a thickness not less than 
that given in the following table : 

TABLE VI, 

Requisite TblckneM of 5low Barnlog Weatherproof iosalatioa. 



From Na 14 .to No. 8 inclusive, A 

" 7 to « 2 "A 

•• 2 to •• 0000 " A 

•• 0000 to " 500000 c nu " A 

" 500000 c. m. to " 1000000 " " A 

Larger than « 1000000 " " J 



n. 
n. 
n. 
n. 
n. 
n. 



••Weatherproof*' Wire, for out-door use, should consist of at 
least three braids thoroughly impregnated with a dense moisture- 
repellant which should stand a temperature of 180° Fahrenheit 
without dripping. The thickness should correspond to that of 
"Slow Burning Weatherproof" and the outer surface should be 
thoroughly slicked clown. 

Cari^^n^ Capacity of Wires. Table VII gives the safe 
carrying capacity of wires from "CTo. 18 B. & S. to cables of 2,- 
000,000 circular mils. 
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FIRST AND SECOND STORT PLANS OF HOUSE FOR 
MR. C. M. THOMPSON. CAMBRIDGE, MASS. 

Cram, Goodbue A Ferguson, Architects, Boston and New York. 
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No wires smolicr than No. 14 should be used except for 
Sxture wiring and pendants, in which cases as small as No. 18 
may be used. 

TABLE Vn. 

Sats CwttIok CapKtty al WIrw, 

Quin No. B. A. 8. Dioneter Mils. Am Ctrrular Hili. No. Anpsna Opao 
Work. No. Amperea Concealed Work. OhoiB Per 1000 Ft. Lba. per IWO 
Ft.Ban. LliK. Per lOOO Ft. Insulated. No. and BIh o[ Wires for Cable*. 



Tie Wires should have an insulation equal to that of the 
conductors they confine. 

5pllclaf should be done in such manner as to make the wires 
mechanically and electrically secure without solder; then they 
should be soldered to insure preservation from corrosion and 
from consequent heating due to poor contact. 
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Stranded Wires should have their tips soldered before being 
fastened under clamps or binding screws. When the stranded 
wires have a conductivity greater than No. 10 B. & S. copper 
wire, they should be soldered into lugs. All joints should be 
soldered in preference to using any kind of splicing device. 

Wirins^ Table. The following examples show the method of 
using the table on page 40 : 

1. What size of ware should we use to run 50 t6-candle- 
power lamps of 110 volts, a distance of 150 feet to the center of 
distribution with the loss of 2 volts ? 

First multiply the amperes, which will be 25.5 (50 16-c. p. 
110-v. lamps take 25.5 amperes, see table on page 57), by the dis- 
tance, 150 feet, which will equal 3,825 ampere feet. Then refer 
to the columns headed "Actual Volts Lost"; and as we are to 
have a loss of tw^o volts only, look down the column headed 2 until 
you come to the nearest corresponding number to 3,825, and we 
find that 3,900 is the best number to use. Put your pencil on 
the number 3,900 and follow that horizontal column to the left 
until you come to the vertical column headed "Size B. & S.," and 
you find that a No. 4 B. & S. wire will be the proper size to use 
in this case. 

2. What size of wire should we use to carry current for a 
motor that requires 30 amperes and 220 volts, and is situated 200 
feet from the distributing pole, the "drop'' in volts not to exceed 
2 per cent? 

First multiply 30 amperes by 200 feet, as we did in the first 
example, and we get 6,000 ampere feet. Now look at the upper 
left-hand corner of the table and you will see a vertical column 
headed "Volts." Go down this column until you come to 220, 
and follow the horizontal column to the right until you come to the 
figure 1.8, which Is the nearest we can come to a 2 per cent loss 
without a greater loss or "drop." Place your pencil on the figure 
1.8 and follow down the vertical column of figures until you come 
to the nearest corresponding figure to 6,000, which we find to be 
6,200. Then with your pencil on this figure follow the horizontal 
column to the left, and we find that a No. 5 B. & S. wire is a 
proper size to use for the above conditions. 
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8. Supposing we have occasion to inspect a piece of wiring, 
and find a dynamo operating 50 16-c. p. 110-volt lamps at a dis- 
tance of 150 feet, and our wire gauge shows that wire in use is a 
No. 12 B. & S., at what loss, or "drop," are these lamps being 
ODerated 'i 

First multiply the amperes, which will be 25.5 (50 16-c. p. 
110-v. lamps take 25.5 amperes, see table on page 57), by the dis- 
tance, 150 feet, and we get 3,825 ampere feet. As we find in 
use a No. 12 B. & S. wire, we look for the vertical column headed 
"Size B. & S." and follow it down until we come to 12. With 
our pencil on the figure 12 we travel along the horizontal line to 
the right until we come to the nearest corresponding number to 
3,825, which we find to be 4,575. Then starting at this number 
we travel up the vertical column and we find a loss of about 15 
actual volts, or, practically, a 12 per cent loss, which would greatly 
reduce the candle-power or brilliancy of the lamps. 

Installation of Wires. All wiring should be kept free from 
contact with gas, water or other metallic piping, or with any other 
conductors or conducting material which it may cross, by some 
continuous and firmly fixed non-conductor, creating a separation 
of at least one inch. In wet places it should bo arranged so that 
an air space will be left between conductors and pipes in crossing, 
and the former must be run in such a way that they cannot come 
in contact with the pipe accidentally. 

Wires should be run over rather than under pipes upon 
which moisture is likely to gather, or which by leaking might 
cause trouble on a circuit. No smaller size than N"o. 14 B. & S. 
gauge should ever be used for any lighting or power work, not that 
it may not be electrically large enough, but on account of its 
mechanical weakness and liability to be stretched or broken in 
the ordinary course of usage. Smaller wire may be used for 
fixture work, if provided with approved rubber insulation. 

Wires should never be laid in or come in contact with plaster, 
cement, or any finish, and should never be fastened by staples, 
even temporarily, but always supported on porcelain cleats which 
will separate the wires at least one-half inch from the surface 
wired over and keep the wires not less than two and one-half 
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inches apart. Three-wire cleats may be iised when the neutral 
wire is run in the center and at least two and one-half inches 
separate the two outside or + and — wires. This style of wiring 
is intended for low-voltage systems (300 volts or less) ; and when 
it is all open work, rubber-covered wire is not necessary, as 
"weatherproof" wire may be used. Weatherproof wire should 
not be used in moulding. Wires should not be fished between 
floors, walls or partitions, or in concealed places, for any great 
distance, and only in places where the inspector can satisfy himself 
that the rules have been complied with, as this style of work is 
always more or less uncertain. 

Twin wires should never be used, except in conduits or when 
flexible conductors are necessary; they are always unsafe for 
light or power circuits on account of the short distance between 
them. 

All wiring should be protected on side walls from mechanical 
injury. This may be done by putting a substantial boxing about 
the wires, allowing an air space of one inch around the con- 
ductors, closed at the top (the wire passing through bushed holes) 
and extending about five feet above the floor. Sections of iron- 
armored conduit may be used, and in most cases are preferable, 
as they take up but little room and are very rigid. 

If, however, iron pipes are used with alternating currents, 
the two or more wires of a circuit should always be placed in the 
same conduit. If plain iron pipe be used the insulation of that 
portion of each wire within the pipe should be reinforced by a 
tough conduit tubing projecting beyond the iron tubing at both 
ends about two inches. 

When crossing floor timbers in cellars or in rooms where they 
might be exposed to injury, wires should be attached, by their 
insulating supports, to the under side of wooden strips not less 
than . one-half inch in thickness and not less than three inches 
wide. 
GENERAL FORMULAE FOR LIQHT AND POWER WIRING. 

c. w.=circular mils. 

d = length of wire, in feet, on one side of circuit, 
n <^ number of lamps in multiple. 
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c = current in amperes per lamp. 
V = volts lost in lines, 
r = resistance per foot of wire to be used. 
10.8 ohms resistance of one foot of commercial copper wire 
having a diameter of one mil and a temperature of 75° Fahren- 
heit. 

It is an easy matter to find any of the above values by the 
following formulfc: 

10.8 X2dXnXc 
c.tn. 



cm. X V 
v= c= 



V 




10.8 X2dXn 


Xe 


cm. 




cm X V 




10.8 X2dXe 




V 





n = ——-—rT-rz — 2d = 



10.8X2dXn 
cm. X V 



10.8 XcXn 



nXcX2d 
v = nXcX2dXr e = 



n — _ ^ , _ 2d = 



2dXnXr 

V 



cX2dXr nXcXr 

Arc Light Wirinjj^. All wiring in buildings for constant- 
current series arc lighting should be with approved rubber-cov- 
ered wire, and the circuit arranged to enter and leave the building 
through an approved double-contact service sv/itch, which means 
a swutch mounted on a non-combustible, non-absorptive insulating 
base and capable of closing the main circuit and disconnecting the 
branch wires when turned "oflF." This switch must be so con- 
structed that it will be automatic in action, not stopping between 
points when started, must prevent an arc between points under all 
circumstances, and must indicate, upon inspection, whether the 
current is "on" or "off." Such a switch is ne^;cssary to cut the 
high voltage completely out of the building by firemen in case of 
fire or when it becomes necessary to mftke any changes in the 
Ifimps or wiring. 
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This class of wiring should never be concealed or encased 
except when requested by the Electrical Inspector, and should 
always be rigidly supported on porcelain or glass insulators which 
will separate the wiring at least one inch from the surface w^ired 
over, and which must be kept at least four inches from each other 
on all voltages up to 750, and eight inches apart when the voltages 
exceed 750. No wires carrying a voltage of over 3,500 should 
be carried into or over any buildings except central stations and 
sub-stations. All arc light wiring should be protected on side 
walls and when crossing floor timbers where wires are liable to 
injury. In mill-construction buildings, arc wires of No. 8 and 
larger, where not liable to be disturbed, may be separated six 
inches for voltages up to 750, and ten inches for voltages above 
750; may run from timber to- timber, not breaking round; and 
may be supported at each timber only. In running along beams 
or walls and ceilings they should be supported at intervals not 
exceeding four and one-half feet. 

SPECIAL WIRING. 

Special wiring for damp places such as breweries, packing 
houses, stables, dye houses, paper or pulp mills, or buildings espe- 
cially liable to moisture or acid or other fumes likely to injure 
the wires or their insulation, should be done with approved rubber- 
covered wire, and rigidly supported on porcelain or glass insula- 
tors which separate the wires at least one inch from the surface 
wired over, and which must be kept apart at least two and one-half 
inches. The wire in such damp places should contain no splices, 
as it is almost impossible to tape a splice that will prevent acid 
fumes from getting at the copper surface. 

Moulding Work should always be done with approved rubber 
covered wire to prevent leakage should the moulding become 
damp. 

This class of work should never be done in concealed or damp 
places, for fear that water may soak into the wood and cause 
leakage of current between the wires, burning the wood and start- 
ing a fire. The action of the current in a case like this is to con- 
vert the wood very gradually into charcoal, then dry the water out 
and ignite the charcoal thus formed. Great care should be ob- 
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served in driving nails into moulding, to avoid puncturing the 
insulation and possibly grounding the circuit in a way that not 
only might be difficult to locate, but might cause a concealed fire 
back of the plastering or wood work to which the moulding is 
attached. 

Moulding should be of hard wood and made of two pieces, 
a backing and capping, so constructed as to thoroughly encase the 
wire. It should provide a one-half inch tongue between the con- 
ductors and a solid backing, which under the grooves should be 
not less than three-eighths of an inch in thickness and able to give 
suitable protection from abrasion. 

Concealed Wlrins or that which is to be run between 
walls and floors and their joists, should always be done with ap- 
proved rubber-covered wire, and should be rigidly supported on 
porcelain or glass insulators which will separate the wires at least 





Fig. 10. 

Samples of approved moulding when filled and covered with at least 
two coats of waterproof paint. 

one inch from the surface wired over. The wires should be kept 
at least ten inches apart, and where it is possible should be run 
singly on separate timbers or joists. The insulators should be 
placed not farther than four feet apart in any case, and where 
there is any liability of the wires coming in contact with anything 
else, due to a possible sagging, the supports should be placed much 
closer together. In some cases where it is impossible to rigidly 
support the wiring on porcelain or glass insulators in concealed 
places, the wires, if not exposed to moisture, may be fished on the 
loop system if encased throughout in approved continuous flexible 
tubing or conduit. Fishing under floors or between walls is done 
by boring holes at suitable distances apart and pushing a flat 
spring wire from one hole toward the other and catching it with a 
wire hook. The flexible conduit and wires may then be pulled 
into place^ 
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Although this fished work may be passed when the sur- 
rounding conditions are, at the time of inspection, perfectly satis- 
factory, it should be avoided, as trouble will arise in this class of 
work sooner than in any other, when all conditions are equal. 

Insulaied Metal Conduits — (Specifications). The metal 
covering or pipe should be of sufficient thickness to resist pene- 
tration by nails, etc., or the same thickness as ordinary gas pipe 
of the same size. 

It should not be seriously affected externally by burning out 
a wire inside the tube when the iron pipe is connected to one side 
of the circuit. 

The insulating lining should be firmly attached to the pipe, 
and should not crack or break when a length of conduit is uni- 
formly bent at a temperature of 212 degrees Fahrenheit, to an 
angle of 90 degrees, with a curve having a radius of 15 inches, for 
pipes of 1 inch or less, or a radius of fifteen times the diameter of 
the pipe for larger sizes. 

The insulating lining should not soften injuriously at a tem- 
perature below 212 degrees Fahrenheit, and should leave water in 
which it has been boiled, practically neutral. 

The insulating lining should be at least one-thirty-second of 
an inch in thickness; and the materials of which it is composed 
should be of such a nature as will not have a deteriorating effect 
on the insulation of the conductor, and be sufficiently tough and 
tenacious to withstand the abrasion test of drawing in and out of 
some long lengths of conductors. 

Tho insulating lining should not be mechanically weak after 
three days' submersion in water, and, when removed from the 
pipe entire, should not absorb more than ten per cent of its weight 
of water during 100 hours of submersion. 

All elbows should be made for the purpose, and not bent from 
lengths of pipe. The radius of the curve of the inner edge of 
any elbow should not be less than three and one-half inches. 

There should not be more than the equivalent of four quarter 
bends from outlet to outlet, the bends at outlets not being counted. 

Each length of conduit, whether insulated or uninsulated, 
should have the maker's name or initials stamped in the metal or 
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attached to it in some satisfactory manner, so that it may be read- 
ily seen, thus rendering it possible to place the responsibility for 
pieces not up to standard. 

Uninsulated rietal Conduits or plain iron or steel pipes may 
be used instead of the insulated metal conduits, if made equally 
as strong and thick as the ordinary form of gas pipe of the same 
size, provided their interior surfaces are smooth and free from 
burrs. To prevent oxidation, the pipe should be galvanized, 
or the inner surfaces coated or enameled with some substance 
which will not soften so as to become sticky and prevent the wire 
from being withdrawn from the pipe. Elbows must be made for 
the purpose, and not bent from lengths of pipe. The radius of 
curves and number of bends from outlet to outlet should be the 
same as given under Insulated Metal Conduits. This bare iron 
or steel pipe should never contain any but a special extra insu- 
lated wire as hereinafter described: 

Conduit Wire for Insulated Hetal Conduits, whether single 
or twin conductors, should be standard rubber-covered wire as 
described on page 35 ; and where concentric wire is used in insu- 
lated metal conduits, it should have a braided covering between 
the outer conductor and the insulation of the inner conductor, and 
in addition should comply with and be able to withstand the test 
of standard rubber-covered wire. 

Conduit Wire for Uninsulated Metal Conduits should not 
only have a standard rubber insulation as required for Insulated 
Metal Conduits, but in addition should have a second outer fibrous 
covering at least one-thirty-second inch in thickness, and suffi- 
ciently tenacious to withstand the abrasion of being hauled 
tlirough the metal conduit. When concentric conductors are to 
be used in uninsulated metal conduits, they not only should 
comply with the requirements when used in insulated metal con- 
duits, but, in addition, should have a second outer fibrous covering 
at least one-thirty-second of an inch in thickness and sufficiently 
tenacious to withstand the abrasion of being hauled through the 
metal conduit. 

Interior Conduit Installation* All conduits should be con- 
tinuous from one junction box to another or to fixtures, and the 
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conduit tube should properly enter all fittings, otherwise the con- 
ductors are not perfectly protected, and water is much more 
liable to gain an entrance into the conduit. No conduit with an 
inside diameter of less than five-eighths inch should be used. 

The entire conduit system for a building should be com- 
pletely installed before a single wire is drawn in ; and all ends of 
conduits should extend at least one-half inch beyond the finished 
surface of walls or ceilings, except that, if the end is threaded and 
a coupling screwed on, the conduit may be left flush with the 
surface, and the coupling may be removed when work on the 
building is completed. 

After all conductors have been drawn or pushed in, all outlets 
should be plugged up with special wood or fibrous plugs made in 
parts to fit around the wire, and the outlet then sealed with a good 
compound to keep out all moisture. All joints should be made 
air-tight and moisture-proof. 

The metal of every conduit system should be effectually and 
permanently grounded. The conduit is likely to be more or less 
grounded, and a positive ground is necessary for the same reason 
that a positive ground is required for generator frames when it is 
impossible to insulate them perfectly. 

Conduit Wiring.. The reason why standard rubber covered 
wire, and not weatherproof, should be used in conduits, is that the 
best possible insulation is desirable for this class of work, as the 
insulating lining of the conduit may be defective in places, and 
there is a possibility of dampness getting into the conduit. 

No wires should be drawn in until all mechanical work on 
the building is done. 

Wires of different circuits should not be drawn in the same 
conduit. 

For alternating systems, the two or more wires of a circuit 
should be drawn in the same conduit, in order to avoid trouble 
from inductive losses, which, under certain conditions, would 
cause a heating of the iron conduit to a dangerous degree. This 
trouble from induction becomes very much less if the wires are 
in the same conduit ; less still, if the wires are twisted together ; 
jin(J disappears almost entirely if concentric wire is used. 
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Even in direct-current work it is advisable to place the two 
wires of a circuit in the same conduit^ as in so doing the direct 
current may be changed for the alternating current without the 
necessity of rewiring, which would be necessary if only a single 
wire were placed in a conduit. 

Fixtures, when supported from the gas piping of a build- 
ing, should be insulated from the gas-pipe system by means of 
approved insulating joints placed as .close as possible to the ceiling, 
and the wires near the gas pipe above the insulating joint should 
be protected from possible contact by the use of porcelain tubes. 

All burrs or fins should be removed from the fixtures before 
the wires are drawn in. The tendency to condensation within 
the pipes should be guarded against by sealing the upper end of 
the fixture. 

In combination fixtures, where the wiring is concealed 
between the inside pipe and outer casing, the space between pipe 
and casing should be at least a quarter of an inch to allow plenty 
of room for the insulation of the wires without janmiing. 

Fixtures should be tested for "contacts" between conductors 
and fixtures, for "short circuits'^ and for ground connections, be- 
fore being connected to the supply conductors. 

Ceiling blocks of fixtures should be made of insulating 
material ; if not, the wires in passing through the plate should be 
surrounded by porcelain tubes. 

Rosettes. These fittings should not be located where inflam- 
mable flyings or dust will accumulate on them. Bases should be 
high enough to keep the wires and terminals at least one-half inch' 
from the surface to which the rosette is attached. 

Terminals with a turned up lug to hold the wire or cord 
should be used, and in no case must the wire be cut or injured. 
Fused rosettes are not advised for use where cords can be properly 
protected by line eut-outa If fused rosettes are used, the next 
fuses back should not be over 25 amperes capacity. 

Fixture Wiring should be done with fixture wire, which has 
a solid insulation with a slow-burning, tough, outer covering, the 
whole at least one-thirty-second of an inch in thickness, and 
having an insulation resistance between conductors, and between 
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either conductor and the ground, of at least one megohm per mile, 
after one week's submersion in water at 70 degrees Fahrenheit, 
and after three minutes' electrification with 550 volts. 

Although No. 18 (B. & S. gauge) is allowable in fixture 
work, it is never 'advisable to use smaller than No. 16, for 
mechanical reasons. Supply conductors, and especially the splices 
to fixture wires, should be kept clear of the grounded part of gas 
pil)es, and where shells are used the latter should have area 
enough to prevent pressing the wires against the gas pipe when 
finally in place. Where fixtures are wired on the outside, it is 
advisable to use cord for attaching the wires to the fixture, and 
not short bits of wire, as the latter might produce a short circuit 
or ground. 

Flexible Cord should be made of a number of copper strands; 
no single strand should be larger than No. 26 or smaller than No. 
30 (B. & S. gauge), and each conductor should be covered by an 
approved insulation and be protected from mechanical injury by 
a tough, braided, outer covering. When used for pendant lamps it 
should hang freely in air and be so placed that there is no chance 
of its coming in contact with an;^1;hing excepting the lamp socket 
to which it is attached and the rosette from which it hangs. Each 
stranded conductor should have a carrying capacity equivalent to 
not less than a No. 18 (B. & S. gauge) wire. The covering of the 
stranded wires for flexible cord should first have a tight, close 
wind of fine cotton, which is intended to prevent any broken 
strand from piercing the insulation and causing a short circuit or 
ground. Secondly, it should have a solid waterproof insulation 
at least one-thirty-second of an inch thick, and should show an 
insulation resistance of 50 megohms per mile throughout two 
weeks' submersion in water at 70 degrees Fahrenheit. The outer 
protecting braiding should be so put on and sealed in place that 
when cut it will not fray out. 

Flexible cord should not be used as a support for clusters. 
as it is not strong enough, and it should never be used for any- 
thing other than pendants, wiring of fixtures and portable lamps, 
portable motors, or small, light electrical apparatus. 

Flexible cord should never be used in show windows, as a 
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defective piece might cause a short circuit and set fire to flimsj 
material or decorations. Many fires have been caused by the use 
of flexible cord in show windows, where handkerchiefs, decora- 
tions, etc., have been pinned to the cord. When the current is 
"turned on'' short circuits are caused by the pins, and a fire is 
the result. 

Insulating bushings should be used where cords enter lamp 
sockets and desk stand lamps. 

Flexible cord should be so suspended that the entire weight; 
of the socket, lamp and shade will be borne by knots under tho 
bushing in the socket, and above the point where 
the cord comes through the ceiling block or 
rosette, in order that the strain may be taken 
from the joints and binding screws. It is good 
practice always to solder the ends of flexible 
cords which are going under binding screws, as 
it holds the strands together and prevents the 
pressure of the screws from forcing the strands 
from under them and against the shell of the 
socket, causing a grounded shell or short circuit. ^. ^ 

Where it becomes necessary to solder a Waterproof keyless 

_ • 1 1 socket, to be usetl in 

great number of ends, as may be required when dye houses or damp 

o ^ ^ 7 > i. places. 

wiring a factory, use a small pot of melted 

solder and dip the ends of the wire, which have all been previously 

cut to the proper length. 

Standard Lamp Sockets should be plainly marked 50 candle- 
power, 250 volts, and with either the manufacturer's name or 
registered trade mark. The inside of the shell of the socket 
should have an insulating lining which should absolutely prevent 
the shell from becoming part of the circuit, even though a wire or 
strand inside the socket should become loose or come out from 
under a binding screw. This insulating lining should be at least 
one-thirty-second of an inch thick and of a tough and tenacious 
material. 

Special Lamp Sockets* In rooms where inflammable gases 
may exist, both the socket and lamp should be enclosed in a vapor- 
tight glolx3, supported on a pipe-hanger, and wired with ^Tlubber- 
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Covered" wire soldered directly to the circuit. No fuses or 
switches of any sort should be used in such cases, as the slightest 
arc might produce dangerous explosions or fires. See Fig. 11. 

In damp or wet places, such as dye houses, breweries, etc, a 
waterproof socket such as shown on page 51 should be used. 
Waterproof sockets should be hung by separate stranded rubber- 
covered wires, not smaller than No. 14 (B. & S.). These wires 
should be soldered direct to the circuit wires, but supported inde- 
pendently of them. All sockets for the above conditions should 
be keyless. 

Stranded Wires in every case should be soldered together 
befdre being clamped under binding screws, and when they have 
a conductivity greater than No. 10 (B. & S.) copper wire they 
should be soldered into lugs. Stranded wires if not thus stiffened 
before being clamped under binding posts, are liable to be pressed 
out or easily worked loose, making a poor contact, which causes 
heating, a possibility of arcing or a complete bum out, or fusing 
of the wire at this point. 

Bushins:8. All wires should be protected when passing 
through walls, partitions or floors, by non-combustible, non- 
absorptive insulating tubes, such as glass or porcelain. Each 
bushing should be long enough to go clear through and allow a 
projection of at least a quarter of an inch on both ends. Bush- 
ings should be long enough to bush the entire length of the hole 
in one continuous piece; or else the hole should first be bushed 
by a continuous waterproof tube, which may be a conductor, such 
as iron pipe, and the tube then should have a non-conducting bush- 
ing pushed in at each end so as to keep the wire absolutely out of 
contact with the conducting pipe. 

Automatic Cut-outs such as circuit breakers and fuses should 
be placed on all sen-ice wires as near as possible to the point 
where they enter the building, on the inside of the walls, and 
arranged to cut off the entire current from the building. 

The cut-out or circuit breaker should always be the first 
thing that the service wires are connected to after entering the 
building; the switch next, and then the other fixtures or devices 
in their order. This arrangement is made so that the cut-out or 
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circuit breaker will protect all wiring in the building, and the 
opening of the switch will disconnect all the wiring. 

These automatic cut-outs should not, however, be placed in 
the immediate vicinity of easily ignitible stuff, nor where exposed 
to inflammable gases or dust, or to flyings of combustible material, 
as the arcing produced whenever they break the circuit might 
cause a fire or explosion. When they are exposed to dampness 
they should be inclosed in a waterproof box or mounted on 
porcelain knobs. All cut-outs and circuit breakers should be sup- 
ported on bases of non-combustible, non-absorptive insulating 
material. Cut-outs should be provided with covers when not 
arranged in approved cabinets, so as to obviate any danger of the 
melted fuse metal coming in contact with any ignitible substanoe. 

Cut-outs should operate successfully under the most severe 
conditions they arc liable to meet with in practice, on short cir- 
cuits, with fuses rated at 60 per cent above, and with a voltage 
25 per cent above, the current and voltage for which they are de- 
signed. Circuit breakers should also be designed to operate suc- 
cessfully under the severe conditions liable to be met with in prac- 
tice, or at 50 per cent above the current and with a voltage of 25 
per cent above that for which they are designed. All cut-outs and 
circuit breakers should be plainly marked, and where it will 
always be visible, with the name of the maker as well as the cur- 
rent and voltage for which the device is designed. 

Cut-outs or circuit breakers should be placed at every point 
where a change is made in the size of wire, unless such a device 
in the larger wire will protect the smaller. They should never 
be placed in canopies or shells of fixtures, but should be so placed 
that no set of incandescent lamps, whether grouped on one fixture 
or several fixtures or pendants, requiring a current of more than 
six amperes, should be dependent upon one cut-out. Special per- 
mission may be given in writing by the Inspection Department 
having jurisdiction, in case extra large or special chandeliers are 
to be used. Fused rosettes, when used with flexible cord pendants, 
are considered as equal to a cut-out. Fuses for cut-outs should 
not have a capacity to exceed the carrying capacity of the wire ; 
and where circuit breakers are used they should not be set more 
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than 30 per cent above the allowable carrying capacity of the 
wire, unless a fusible cut-out is also installed in the circuit. 

Circuit breakers open at exactly the current they are set for, 
and instantly; therefore it is necessary to get them considerably 
above the ordinary amount of current required, to keep them from 
constantly opening on slight fluctuations. When this is the case 
a double-pole fusible cut-out should be added to protect the wire 
from a heavy, steady current, which may be maintained just 
below the opening point of the circuit breaker. The fuse requires 
a little time to lieat, and therefore would not blow out with a 
momentary rise of current which might open the circuit breaker 
if set as low as necessary to protect the wire, which may be of a 
size only large enough for the figured amount of current under 
ordinary conditions of operation. If, however, in the ease of 
motor wiring, the size of wire is 50 per cent above the figured 
size for the motor's average current, as it should be, then the 
introduction of a fusible cut-out in addition to the circuit breaker 
is unnecessary. 

Intulatlng Joints should be made entirely of material that 
will resist the action of illuminating gases, and that will not give 
way or soften under the heat of an ordinary gas flame, or leak 
under a moderate pressure. 




Fig. 12. 
The Macallen Insulating JoinL 

They should bo so arranged that a deposit of moisture will 
not destroy the insulating effect, and should have au insulation 
resistance of at least 250,000 ohms between the gas pipe attach- 
ments, and bo suiTieiently strong to resist the strain they will be 
liable to he subjected to in being installed. 
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Insulating joints should not contain any soft rubber in their 
composition. The insulating material should be of some hard 
and durable material^ such as mica. See Fig. 12. 

Insulation Resistance. The wiring in any building should 

test free from grounds, u e., the complete installation should have 

an insulation between conductors and between all conductors and 

the ground (not including attachments, sockets, receptacles, etc.), 

of not less than the following: 
Up to— 

5 amperes 4,000,000 

10 amperes 2,000,000 

25 amperes 800,000 

50 amperes 400,000 

100 amperes 200,000 

200 amperes 100,000 

400 amperes 50,000 

800 amperes 25,000 

1,600 amperes 12,500 

All cut-outs and safety devices in place in the above. 

Where lamp sockets, receptacles and electroliers, etc., are 
connected, one-half of the above will be required. 

Knife Switclies. Switches should be placed on all service 
wires, either overhead or underground, in a readily accessible 
place, as near as possible to the point where the wires enter the 
building, and arranged to cut off the entire current. 

Knife switches should always be installed so that the handle 
will be up when the circuit is closed, so that gravity will tend to 
open rather than close the switch. They should never be single- 
pole except when the circuit which they control is carrying not 
more than six 16-candle-power lamps or their equivalent. 

Double-pole switches are always preferable to single-pole, 
as they absolutely disconnect the part of the circuit out of use. 

Flush Switches. Where gangs of flush switches are used, 
whether with conduit systems or not, the switches should be 
enclosed in boxes constructed of, or lined with, fire-resisting 
material. 

Where two or more switches are placed under one plate, the 
box should have a separate compartment for each switch. No 
push buttons for bells, gas lighting circuits, or the like, should 
be placed in the same wall plates with switches controlling 
electric light or power wiring. 
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Snap Switches, like knife switches, should always be 
mounted on non-combustible^ non-absorptive, insulating bases, 
such as slate or porcelain, and should have carrying capacity 
sufficient to prevent undue heating. 

When used for service switches they should indicate at sight 

'. whether the current is "on" or "off." Indicating switches should 

I be used for all work, to prevent mistakes and possible accidents. 

The fact that lights do not burn or the motor does not run is not 

necessarily a sure sign that the current is off. 

Every switch, like every piece of electrical apparatus, should 
be plainly marked, where it is always visible, with the maker's 
name and the current and voltage for which it is designed. 

On constant - potential systems, these switches, like knife 
switches, should operate successfully at 50 per cent overload in 
amperes with 25 per cent excess voltage, under the most severe 
conditions they are likely to meet with in practice. They should 
have a firm contact, should make and break readily, and not stop 
when motion has once been imparted to the handle. When this 
style of switch is used for constant-current systems, they should 
close the main circuit and disconnect the branch wires when 
turned "off;" should be so constructed that they will be auto- 
matic in action, not stopping between points when started ; and 
should prevent an arc between the points under all circumstances. 
They should also indicate at sight whether the current is "on" 
or "off." 

Incandescent Lamps. Table X is compiled from a series of 
careful tests on a number of incandescent lamps taken from a 
large stock at random. 

Poor regulation of voltage results in more trouble with 
incandescent lamps and their users than any other fault in electric 
lighting service. 

Some men act on the theory that so long as the life of a lamp 
is satisfactory, an increase of voltage, either temporary or perma- 
nent, will increase the average light. The fact is that when 
lamps are burned above their normal rating the average candle- 
power of all the lamps on the circuit is decreased. 

Excessive voltage is thus a double error — it decreases the 
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TABLE X. 



Volts. 


C P. 


Tr ■— ■ - 

Amp. 


Watts 
Per Lamp. 
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8.86 
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56 


M 


192.59 


m 


20 


.67 


70 




185.22 


M 


24 
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16 
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64 
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m 


82 


.582 
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<f 
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total light of the lamps^ and increases the power consumed. If 
increased light is needed, 20-candle-power lamps should be in- 
stalled instead of raising the pressure. Their first cost is the 
same as 16-candle-power lamps; they take but little more current 
than 16-candle-power lamps operated at high voltage and give 
greater average light. 

Increased pressure also decreases the commercial life of the 
lamp, and this decrease is at a far more rapid rate than the 
increase of pressure, as shown in the following table. This table 



58 ELECTEIC WIEING 



shows the decrease in life of standard 3.1-watt lamps due to 

increase of normal voltage. 

Per Cent of 
Normal Voltage. Life Factor. 

100 jLOOO 

101 818 

102 681 

103... 562 

104 452 

105 374 

106 310 

From this table it is seen that 3 per cent increase of voltage 
halves the life of a lamp, while 6 per cent increase reduces the life 
by two thirds. 

Intensity or Brilliancy. The average brilliancy of illumi- 
nation required will depend on the use to which the light is put. 
A dim light that would be very satisfactory for a church would 
be wholly inadequate for a library and equally unsuitable for a 
ballroom. 

The illumination given by one candle at a distance of one 
foot is called the "candle-foot" and is taken as a unit of intensity. 
In general, intensity of illumination should nowhere be less than 
one candle-foot, and the demand for light at the present time 
quite frequently raises the brilliancy to double this amount. As 
the intensity of light varies inversely with the square of the dis- 
tance, a 16-candle-power lamp gives a candle-foot of light at a 
distance of four feet. A candle-foot of light is a good intensity 
for reading purposes. 

Assuming the 16-candle-power lamp as the standard, it is 
generally found that two 16-candle-power lamps per 100 square 
feet of floor space give good illumination, three very bright and 
four brilliant. These general figures will be modified by the 
height of ceiling, color of walls and ceiling, and other local condi- 
tions. The lighting effect is reduced, of course, by an increased 
height of ceiling. A room with dark walls requires nearly three 
times as many lights for the same illumination as a room with 
walls painted white. With the amount of intense light available 
in arc and incandescent lighting, there is danger of exceeding 
"the limits of effective illumination" and producing a "glaring 
intensity" which should be avoided as carefully as too little 
intensity of illumination. 
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Distribution concerns the arrangement of the various sources 
of light and the determination of their candle-power. The 
object should be to "secure a uniform brilliancy on a certain 
plane, or within a given space. A room uniformly lighted, even 
though comparatively dim, gives an effect of much better illumi- 
nation than where there is great brilliancy at some points and 
comparative darkness at others. The darker parts, even though 
actually light enough, appear dark by contrast, while the lighter 
parts are dazzling. For this reason naked lights of any kind are 
to be avoided, since they must appear as dazzling points in con- 
trast with the general illumination." 

The Arrangement of the Lamps is dependent very largely 
upon existing conditions. In factories and shops, lamps should 
be placed over each machine or bench so as to give the necessary 
light for each workman. In the lighting of halls, public build- 
ings and large rooms, excellent effects are obtained by dividing 
the ceilings into squares and placing a lamp in the center of each 
square. The size of square depends on the height of ceiling and 
on the intensity of illumination desired. Another excellent method 
consists in placing the lamps in a border along the walls near the 
ceiling. 

For the illumination of show windows and for display effects, 
care must be taken to illuminate by reflected light. The lamps 
should be so placed as to throw their rays upon the display with- 
out casting any direct rays on the observer. 

The relative value of high candle-power lamps in comparison 
with an equivalent number of 16-candle-power lamps is worthy of 
notice. Large lamps can be efficiently used for lighting largo 
areas, but in general a given area will be much less effectively 
lighted by high candle-power lamps than by an equivalent number 
of 16-candle-power lamps. For example, sixteen 64-candle-power 
lamps distributed over a large area will not give as good general 
illumination as sixty-four 16-candle-power lamps distributed over 
the same area. High candle-power lamps are useful chiefly when 
a brilliant light is needed at one point, or where space is limited 
and an increase in illuminating effect is desired. 

The Relative Value of the Are and Incandescent Systems 
of Lighting is frequently diflBcult to determine. Incandescent 
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TABLE XI. 

Twted Pom Win. 

CHASB-SHAWMtrr Co, 
Boston. 
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lamps have the advantage that they can be distributed so as to 
avoid the shadows necessarily cast by one single source of light. 
Arc lamps used indoors with ground or opal globes cutting off 
half the light, have an efficiency not greater than two or three 
times that of an incandescent lamp. Nine 50-watt, 16-candle- 
povver lamps consume the same power as one full 450-watt arc 
lamp. It has been found that unless an area is so large as to 
require 200 or 300 incandescent lights distributed over it, arc 
lamps requiring equal total power will not light the area with so 
uniform a brilliancy. 

Fuses should have contact surfaces or tips of harder metal, 
having perfect electrical connection with the fusible part of the 
strip. 

The use of the hard metal tip is to afford a strong mechanical 
bearing for the screws, clamps or other devices provided for 
holding the fuse. 

Fuses should be stamped with about 80 per cent of the 
maximum current they can carry indefinitely, thus allowing about 
25 per cent overload before the fuse melts. 

With naked open fuses of ordinary shapes and not over 500 
amperes capacity, the maximum current which will melt them in 
about five minutes may be safely taken as the melting point, as 
the fuse practically reaches its maximum temperature in this 
time. With larger fuses a longer time is necessary. 

The following table shows the minimum break distance, and 
the separation of the nearest metal parts of opposite polarity, for 
open-link fuses when mounted on slate or marble bases, for differ- 
ent voltages and different currents : 

Separation of nearest 

metal parts of Minimum 
125 Volts OR Less: opposite polarity, break distance. 

10 amperes or less Ji inch ^ inch 

11 — 100 amperes 1 inch "iinch 

101— 300 amperes 1 inch 1 inch 

125 TO 250 Volts. 

^^ 9inperes or less 1^ inch V/i inch 

11—100 amperes 1^ inch V/i inch 

101—300 amperes 2 inch V/2 inch 

Fuse Terminals should be stamped with the maker's name or 
initials, or some known trade-mark. 
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Fus# Wire. Table XI shows the sizes of fuse wire and thje 
approximate current-carrying capacity of each siiie. 

Fuses have been known to blow out simply from the heat duo 
to poor contact when nowhere near their current-carrying capacity 
had been reached. They should be so put up and protected that 
nothing will tend to rupture them except an excessive flow of 
current. No fuse of the larger sizes ever blew out without 
causing a greater or less fire risk. 

Fuses blow out or melt from excessive heat, and nothing 
else, and are therefore not as instantaneous in their action as a 
circuit breaker, which is constantly cared for and kept clean. 
Central stations or large isolated plants subject to greatly varying 
loads should have their lines and generators protected by both 
fuses and magnetic circuit breakers as a double protection against 
excessive current. 

The lengths of fuses and distances between terminals are 
important points to be considered in the proper installation of 
these electrical "safety valves." No fuse block should have its 
terminal screws nearer together than one inch on 50 or 100-volt 
circuits, and one inch additional space should always be allowed * 
between terminals for every 100 volts in excess of this allowance. 
For example, 200-volt circuits should have their fuse terminals 
2 inches apart, 300-volt 3 inches, and 500-volt 5 inches. This 
rule will prevent the burning of the terminals on all occasions of 
rupture from maximum current, and this maximum current 
means a "short circuit." Good contact is absolutely essential in 
the installation and maintenance of fuses. See that the copper 
tips to all fuses arc well soldered to the fuse wire, and further- 
more see that the binding screw or nut is firmly set up against 
this copper tip when the fuse is placed in circuit ; a 100-ampere 
fuse can be readily "blown" by 25 amperes if the above pre- 
cautions are not carried out. Poor contact in every case can 
cause a heating beyond the carrying capacity of the largest fuses. 
On the other hand, much damage can be done by using too short 
fuses and too large terminals, as the radiation of heat from the 
short piece of fuse wire to the heavy metal terminals and set 
screws or nuts can very easily raise the current-carrying capacity 
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of a fuse designed to carry 50 amperes to 100 amperes, or even 
more. All open-link fuses should be placed in cut-out cabinets 
when possible. 

Cut-out Cabinets should be so constructed, and cut-outs so 
arranged, as to obviate any danger of the melted fuse metal com- 
ing in contact with any substance which might be ignited thereby. 

A suitable box may be made of marble, slate or wood, 
strongly put together, the door to close against a rabbet so as to be 
perfectly dust tight, and it should be hung on strong hinges and 
held closed by a strong hook or catch. If the box is wood the 
inside should be lined with sheets of asbestos board about one- 
sixteenth of an inch in thickness, neatly put on and firmly 
secured in place by shellac and tacks. The wires should enter 
through holes bushed with porcelain bushings, the bushings tightly 
fitting the holes in the box, and the wires tightly fitting the bush- 
ings (using tape to bind up the wire, if necessary), so as to keep 
out the dust. 

The Enclosed Fuse, or "Cartridge Fuse" (see Fig. 13), con- 
sists of a fusible strip or wire placed inside of a tubular hold- 
ing jacket filled with porous or powdered insulating material 
through which the fuse wire is suspended from end to end and 
which surrounds the fuse wire. The wire, tube and filling are 
made into one complete, self-<;ontained device with brass or copper 
terminals or ferrules at each end, the fuse wire being soldered 




Fig. 13. 
Enclosed Fuse. 

to the inside of the ferrules. When an inclosed fuse "blows" by 
excess current or short circuit the gases resulting are taken up by 
the filling, the explosive tendency is reduced and flashing and 
arcing are eliminated. 

Incandescent Lamps In Series Circuits should be wired with 
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the same precaution as lor series arc lighting and each lamp 
should be provided with an automatic cut-oflE. 

Each lamp should be suspended from an approved hanger 
board by means of a rigid tube, to prevent the wires from constant 



swinging. 



No electro-magnetic device for switches and no system of 
multiple, series, or series-multiple lighting in this class of work 
should be used. Under no circumstances should incandescent 
lamps in series circuits be attached to gas fixtures, as the high 
voltage necessarily employed in this class of lighting should be 
kept as far as possible from gas piping, which is so thoroughly 
grounded or likely to be. 

When incandescent lamps are used for decorative purposes, 
as in the use of miniature colored lamps, and it is necessary to 
run two or more in series, permission should always be secured, 
in writing, from the Inspection Department having jurisdiction. 

Arc Lamps should be carefully isolated from inflammable 
material, should be provided at all times with a glass globe sur- 
rounding the arc and securely fastened upon a closed base. No 
broken or cracked globes should be used, as they are designed to 
prevent hot bits of carbon from falling to the floor should they 
fall from the carbon holder. All globes for inside work should be 
covered with a wire netting having a mesh not exceeding one and 
one-quarter inches, to retain the pieces of the globe in position 
should the latter become broken from any cause. A globe thus 
broken should be replaced at once. When arc lamps are used 
in rooms containing readily inflammable material they should 
be provided with approved spark arresters, which should be made 
to fit so closely to the upper orifice of the globe that it would be 
impossible for any sparks thrown off by the carbons to escape. 
It is safer to use plain carbons and not copper-plated ones in such 
rooms, or better still, an enclosed arc lamp, one having its carbons 
enclosed in a practically tight glass globe which is inside the 
outer globe. Where hanger-boards are not used arc lamps should 
be hung from insulating supports other than their conductors. 

All arc lamps should be provided with reliable stops to pre- 
vent carbons from falling out in case the clamps become loose, 
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and all exposed parts should be carefully insulated from the cir- 
cuit. Each lamp for constant-current systems should be provided 
with an approved hand switch, and also an automatic switch that 
will shunt the current around the carbons, so that the lamp will 
thus cut itself out of circuit should the carbons fail to feed 
properly. If the hand switch is placed anywhere except on the 
lamp itself, it should comply in every respect with the require- 
ments for switches on hanger-boards as described under the latter 
heading. 

Arc Li^^ht Wlrini^, All wiring for high-potential arc light- 
ing circuits should be done with "Rubber-Covered" wire. The 
wires should be arranged to enter and leave the building through 
an approved double-contact service switch, which should close the 
main circuit and disconnect the wires in the building when turned 
*'off." These switches should be so constructed that they will be 
automatic in their action, not stopping between points when 
started, and preventing arcing between points under any circum- 
stances, and should indicate plainly whether the current is "on" 
or "off." Never use snap switches for arc lighting circuits. All 
arc light wiring of this class should be in plain sight and never 
enclosed except when required, and should be supported on porce- 
lain or glass insulators which separate the wires at least one inch 
from the surface wired over. The wires should be kept rigidly at 
least eight inches apart, except of course within the lamp, hanger- 
board, or cut-out box or switch. On side walls the wiring should 
be protected from mechsmical injury by a substantial boxing 
retaining an air space of one inch around the conductors, closed 
at the top (the wires passing through bushed holes), and extend- 
ing not less than seven feet above the floor. When crossing floor 
timbers in cellars or in rooms, where they might be exposed to 
injury, wires should be attached by their insulating supports to 
the under side of a wooden strip not less than one-half an inch 
in thickness. 

Economy Coils« or compensator coils, for arc lamps should 
be mounted on glass or porcelain, allowing an air space of at least 
one inch between frame and support, and in general should be 
treated like sources of heat. 
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Electrical Inspection. The principal points regarding the 
safe installation of dynamos, motors, outside and inside wiring, 
as required by the insurance underwriters, have been set forth in 
this paper. There will probably arise questions which cannot 
be settled by reference to the suggestions herein contained, and 
therefore a great deal has to be left to the judgment of the con- 
structing engineer and inspector. In every such case the Inspec- 
tion Department having jurisdiction should be consulted with 
perfect assurance that nothing unreasonable will ever be demanded 
in the way of special construction. 

Every piece of wiring or electrical construction work, 
whether open or concealed, should be and usually is inspected, 
and notice, therefore, should always be sent by the contractor or 
engineer to the board having jurisdiction, immediately upon com- 
pletion of any work. 

Negligence in this matter has frequently caused floors to be 
torn up when doubtful work has been suspected, and at the cost 
of the parties who installed the wiring. 

The insurance inspector cannot order any piece of wiring 
taken out or altered, but always reports whether or not the plant 
is installed in a manner which will reduce the fire risk to a mini- 
mum. If the inspector has occasion to recommend any changes 
which he considers for the safety of the building, and such 
changes are not immediately made, he recommends that the insur- 
ance rate on the building be so raised that it will, in the end, be 
found advisable to attend to his suggestions, which are in every 
case reasonable. 
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In Wiring for electric bells to be operated by batteries, the 
danger of causing fires from short circuits or poor contacts does 
not exist as in the case of wiring for light and power, because the 
current strength is so small. Neither is the bell-fitter responsible 
to city inspectors or fire underwriters. On this account, bell 
fitting is too often done in a careless and slovenly manner, caus- 
ing the apparatus to give unsatisfactory results and to require 
frequent repairs, so that the expense and inconvenience in the end 
far more than offset any time saved by doing an inferior grade of 
work. Hence, at the outset it is well to state that as much care 
should be taken in the matter of joints and insulation of bell 
wiring as in wiring for light or power. 

If properly installed, the electric bell forms a reliable and yet 
inexpensive means of signaling, and is far superior to any other. 
On this account practically every new building is fitted through- 
out with electric bells. 

In addition to the necessity of thoroughness already men- 
tioned, care should be taken to use only reliable apparatus whidi 
must be installed in accordance with the fundamental principles 
on which its satisfactory operation depends. 

WIRE. 

The common sizes of wire in use for bell work are Nos. 
18, 20, and 22. In general, however, No. 20 will be found satis- 
factory as it is usually sufficiently large, while in many cases No. 
22 is not strong enough from a mechanical standpoint. 

It is important that the wires should be well insulated to pre- 



Fig. 1. 

vent accidental contacts with the staples or other wires. First of 
all the wire should be tinned, as this prevents the copper from 
being acted upon by the sulphur in the insulation. It also facil- 
itates soldering. The inner coating of insulation should be of 
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india rubber, surrounded by several longitudinal strands of cotton, 
outside of which are wound several strands of colored cotton laid 
on spirally. This is next immersed in melted paraffin wax and 
polished by friction. A short length of approved electric bell wire 
is shown in Fig. i. 

When ordering wire, it is well to have it furnished in several 
different colors as this greatly facilitates both the original instal- 
lation and later repairs, because in this way one line may be dis- 
tinguished from another, taps from main lines, etc. Moreover, a 
faulty wire having been found, it is possible to identify it at any 
desired section of its length. 

METHODS OF WIRING. 

In running wires, the shortest and most direct route should, 
of course, be taken between the battery, bells, and bell pushes. 
There are two cases to be considered. The better method is that 
in which the wires are run before the building is completed, and 
the wiring should be done as soon as the roof is on and the walls 
are up. In this case the wires are usually run in zinc tubes 
secured to the walls w^th nails. The tubes should be from | inch 

to J inch in diameter, preferably 
the latter. It is better to place 
the wires and tubes simultane- 
ously, but the tubes may be put 
in place first and the wires drawn 
in af terw^ard, although this latter 
plan has tlie objection that the insulation is liable to become 
abraded when the wires are drawn in. In joining up two lengths 
of tube, the end of one piece should be opened up with the pliers 
so that it may receive the end of the other tube, which should also 
be opened up, but to a less extent, to prevent wear upon the 
insulation. Specially prepared paper tubes are sometimes substi- 
tuted for the zinc. 

If the building is completed before the wiring is done, the 
concealed method described above cannot be used, and it is neces- 
sary to run the wires along the walls supported by staples, where 
they will be least conspicuous. Fig. 2 shows ordinary double- 
pointed . tacks, Fig. 3 shows an insulating saddle staple which 
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\B to be recommended. Two wirea Bhould never be secured under 

the same Btaple if it can possibly be avoided, owing to the danger 

of short circuita. With a little 

care it is usually possible to cou- 

eeal the wiring behind the picture 

moulding,along the skirting- board, 

and beside the door posts, but where 

it is impossible to conceal it, a light 

ornamental casing to match the 

finish of the room, may be used. Fig. 3. 

It is sometimes advisable to use 

twin wires or two insulated wires run in the same outer covering. 

In some cases it is well to run the wires under the floors, 
laying them in notches in the tops of the joists or in holes bored 
about two inches below the tops of the joieta. 
JOINTS. 

When making a joint, care should be taken to have a firm, 
clean connection, both mechanically and electrically, and this must 
always be soldered to prevent corrosion. The insulation shonld 
be strip[)ed off the ends of the wires to be joined, for a distance of 
about 2 inches, and the wires made bright by scraping or sandpa- 
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Fig. 4. 

pering. They should then b« twisted tightly and evenly together 
as shown in Fig, 4, 

Next comes the operation of soldering, which is absolutely 
necessary if a permanent joint from au electrical standpoint is to 
be obtained. A joint made without solder may be electrically 
sound at first, but its resistance rapidly increases, due to deteri- 
oration of the joint. As hae already been stated, the wires ehould 
be made bright and clean before they are twisted together. 
Soldering fluids should never be used, because they cause corrosion 
of the wire. The best flux to use is resin or composite candle. 
The soldering shouid always be done with a copper bit rather than 
with a blowpipe or wireman's torch. 
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A convenient form of soldering tool consists of a small copper 
bit having a semicircular notch near the end. This bit should, of 
course, be well tinned. It is then heated over a spirit lamp, or 
wireman's torch, and the notch filled with soft solder. Lay the 
joint, which has previously been treated with the flux, in this 
notch and turn it so that the solder runs completely around among 
the spirals of the joint. Tlie loose solder should be shaken oft or 
removed with a bit of rag. Wlien the joint is set, it should be 
insulated with rubber tape, so that it will be protected as perfectly 
as the other jwrtions. 

It is often possible to save a considerable length of wire and 
amount of labor by using a ground return, which, if properly 
arranged, will give very satisfactory results, althongh a complete 
metallic circuit is always to be preferred. Wliere water or gas 

mains are available, a good ground may be ob- 
tained by connecting to them, being sure to 
have a good connection. This may be se- 
cured by scraping a portion of the pipe 
perfectly bright and clean and then winding 
this with bare wire; the whole is then well 
soldered. An end should be left to which 
the wire from the bell circuit is twisted and 

OJI /« soldered. If such mains are not available. 

If ^ good ground can be obtained by connecting 

^ the wire from the bell circuit, as described 

above, to a pump pipe. In the absence of 
water and gas mains, and of a pump pipe, 
a ground may be obtained by burying beneath 
permanent moisture level a sheet of copper 
or lead, having at least five square ft*et of surface, to which the 
return wire is connected. The ground plate should be covered 
with coke nearly to the surface; the hole should then be filled in 
with ordinary soil well rammed. 

OUTFIT. 

The three essential parts of the electric bell outfit are the bell 
push, which furnishes a means of opening and closing the circuit 
at will, the battery, which furnishes the current for operating the 
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bell, and the bell itself. Before discussing the combination of 
these pieces of apparatus in the complete circuit, let ub take up 
the individual parts in order. 

A bell push is shown diagram ma ti call y in Fig. 5. In this 
illustration P is the push button; when 
tliis is pressed upon it brings the point 
of the spring S> in contact with the metal 
strip R, thus closing the circuit with which 
it is connected in aeries. Normally the 
springs are separated as shown, and the 
circuit is accordingly open. 

Bell pushes are made in Tarious ce- Fig. 6. 

signs and styles, from the simple wooden 

push shown in Fig. (> to very elaborate and expensive articles. 
Fig. 7 shows four cast bronze pushes of neat appearance and mod- 
erate price. 

Batteries. Electric bells are nearly always operated on the 
opi'U circuit plan, and hence the battery used is generally of the 





Fig. 7. 
open circuit type, such as the Leclanche cell, which is used very 
largely except for heavy work. This is a zinc-carbon cell in which 
tlie excitant is sal-ammoniac dissolved in water. Polarization is 
prevented by peroxide of manganese, which gives up part of its 
oxygen, combining with the hydrogen set free and forming water. 
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Dry Batteries are also frequently used for bell work, their 
principal advantage being cleanliness, as they cannot spill. Dry 
cells are really a modification of the Leclanche type, as they use 
zinc and carbon plates and sal-ammoniac as the exciting agent. 
The Burnley cell, which is one of the principal types of dry cell, 
has an electrolyte composed of sal-ammoniac, chloride of zinc, 
plaster, flour, and water. This compound when mixed is a semi- 
liquid mass which quickly stiffens after being poured into the cup. 
The depolarizing agent is peroxide of manganese, the same as is 
used in the Leclanche cell, this being packed around the carbon 

cylinder. The top of the cell is sealed 
with bitumen or some similar substance. 
For very heavy "work the Edison- 
Lalande and the Fuller types of cell are 
best suited, while for closed circuit work 
the gravity cell is most satisfactory. 

Bell. It is a well-known fact that 
if a current of electricity flows through 
a coil of wire wound on an iron core, 
the core becomes magnetized and is ca- 
pable of attracting any magnetic sub- 
stances to itself. The operation of the 
electric bell, like that of so many other 
pieces of electrical apparatus, depends 
upon this fact. A diagrammatic repre- 
sentation of an electric bell is shown in 
Fig. 8, in which M is an electromagnet 
composed of soft- iron cores on which are wound coils of insulated 
wire. The armature is mounted upon a spring K, and carries a ham- 
mer H at its end for striking the gong. On the back of the armature 
is a spring which makes contact at D with the back stop T. The 
action of the bell is as follows: When the circuit is closed through 
the bell a current flows from terminal 1, around the coils of the 
magnet, through the spring K and contact point D, through the 
back stop T, to terminal 2. In flowing around the electromagnet the 
current magnetizes its core, which consequently attracts the arma- 
ture. This causes the hammer H to strike the gong. While in 
this position the contact at D is broken, the current ceases to flow 
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around the electromagnet and the cores consequently lose their 
attractive force. The armatnre is then carried back to its original 
position by the spring K, making contact at D, and the process is 
repeated. The baninier will thus vibrate and the bell continue to 
ring as long aa the circuit is closed. 

The type of bell described above i ) flie one most commonly 
used. Such bells are made in a great variety of shapes and styles, 
the prices varying accordingly. It la important that platinum 
tips be furnished at the contact point D, Fig. 8, to prevent cor- 




Fig. 9. Fig. 10. 

rosion. The bells on the market today are oE two classes, the iron 
t)ox l)ell and the wooden box bell. A t>ell of the wooden box type is 
shown in Fig. 9, and a higher grade bell of the iron frame skeleton 
type is shown in Fig. 10. Bells withont covers should never be used, 
as dust will settle on the contacts and interfere with their action. 
CIRCUITS. 
The possible combinations of the various parts into complete 
circuits are so varied that it would be impossible to describe their 
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all; in fact, almost every one is to a certain extent a special 
problem. It is, however, possible to give typical circuits the 
underlying principles of which can be applied successfully to any 
particular case. 

Fig. 11 shows a bell circuit in its simplest form, in which V 
represents the push, B the bell, and C the battery; all connected 
in series. The circuit is normally open at P, and hence no cur- 
rent flows to exhaust the batteries. 
When P is pressed, the circuit, 
otherwise complete, is closed and 
current passes through the bell 
causing it to ring, as already ex- 
plained. For instance, the push 
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Fig. 11. 



mitrht be located l)eside the front 



door, the bell in the kitchen and the 
battery in the cellar; the location depending on the results desired 
and conditions to be met. The wire between P and C may, if 
necessary, be dispensed with and connection made to ground at (i 
and G, as shown by the dotted lines. 

Fig. 12 shows an arrangement by means of which one bell I> 
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Fig. 12. Fig. 13. 

may 1x3 controlled by either of the j)ushe8 P or P'. This system 
may be extended to any number of pushes similarly connected. 

A method for ringing two bells simultaneously from one push 
is shown in Fig. 13, where both bells B and B' will ring from push 
P. Bells, if connected in this manner, should have as nearly as 
possible the same resistance, otherwise the bell of lower resistance 
will take so much current that there will not be a sufficient amount 
left for the other. Also, the batteries must bo of greater current 
capacity as the amount of current taken is, of course, doubled. This 
system can be extended to any number of bells connected in this 
way, up to the limit of capacity of the battery to ring them. Figs, 
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12 and 13 may be combined so that two or more bells may be 
rung from any one of two or more pnsbes. 

In Fig. 14 is sliown a scheme for ringing either liell, B or E', 
front one push ami one battery by means of the two-point switch 




Fig- U. 

S. When the arm of the switch is on contact 1, the push will 
ring bell B, and when on contact 2 it will ring bell B'. 

In Fig. ID is shown a method of connecting bella in series bo 
that B and B' may be rung from P. If all the bells so connected 
were of the vibrating ty[)e, they would not work satisfaetorily, as 
it would be impossible to time them so that ihe vibrations would 
keep step, hence only one bell should 
be of the vibrating tyjte, and the others 
should have the circuit breakers short- 
circuited, the vibrating bell serving as 
interrupter for the whole series, Obvi. 
onslylhi'* i^ys'eui rt'cpiiri's a higher volt- 




age than [Mirallel connection, and the 

cells must be of euflicient E.il.F. to 

ring the bells Batisfactorily- Several 

bells may be connected in this way, if « 

desired, up to the limic of voltage of the 

battery. ••'s- ">■ 

Oftentimes a liell is to l»e rung from several different places. 
For instance, the bell in an elevator may be rung from any one of 
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several floors, or the bell in the oflSce of a hotel may be rung from 
any one of several different rooms. In this case it is necessary to 
have some device to indicate from which push the bell was rung. 
The annunciator furnishes this information very well. A three- 
station annunciator is shown in Fig. 16. The connections for an 
annunciator are shown in Fig. 17 where A represents the anun 
ciator, B the bell, C the battery, and P*, P, and P* the pushes. 
For instance, when P* is pressed, the current passes through the 
electromagnet controlling point 1 on the annunciator which causes 
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Fig. 17. 

the arrow to be turned and at the same time the bell rings. After 
the attendant has noted the signal, the arrow is restored to its 
normal position by pressing a lever on the bottom of the annun- 
ciator box. 

The electric burglar alarm furnishes a very efficient protec- 
tion and is an application of the principles already described. The 
circuit, instead of being completed by a push, is completed by 
contacts placed on the doors or windows so that the opening of 
either will cause the bell to ring. The same device may be used 
on money -drawers, safes, etc. 

In the case of the electric fire alarm, the signal may be given 
either automatically when the temperature reaches a certain degree, 
or pushes may be placed in convenient locations to be operated 
manually. The pushes should be protected by glass so that they 
will not be tampered with, it being necessary to break the glass 
to give the alarm. 
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HISTORY AND DEVELOPMENT. 

The history of electric lighting as a commercial proposition 
begins with the invention of the Gramme dynamo (by Z. J. 
Gramme) in 1870, together with the introduction of the Jab* 
lochkoff candle or light, which was first announced to the publio 
in 1876, and which formed a feature of the International Expo 
sition at Paris in 1878. Up to this time, the electric light was 
known to but few investigators, one of the earliest being Sir Hum- 
phrey Davy who, in 1810, produced the first arc of any great 
magnitude. It was then called the "voltaic arc", and resulted 
from the use of two wood charcoal pencils as electrodes and a 
powerful battery of voltaic cells as a source of current. 

From 1840 to 1859, many patents were taken out on arc 
lamps, most of them operated by clockwork, but these were not 
successful, due chiefly to the lack of a suitable source of current, 
since all depended on primary cells for their power. The interest 
in this form of light died down about 1859, and nothing further 
was attempted until the advent of the Gramme dynamo. 

The incandescent lamp was but a piece of laboratory appa- 
ratus up to 1878, at which time Edison produced a lamp using a 
platinum spiral in a vacuum, as a source of light, the platinum 
being rendered incandescent by the passage of an electric current 
through it. The first successful carbon filament was made in 1879, 
this filament being formed from strips of bamboo. The names 
of Edison and Swan are intimately connected with these early 
experiments. 

From this time on, the development of electric lighting has 
been very rapid, and the consumption of incandescent lamps alone 
has reached several millions each year. When we compare the 
small amount of lighting done by means of electricity twenty-five 
yi^ars ago with the enormous extent of lighting systems and the 
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numerous applications of electric illumination as they are todaj, 
the growth and development of the art ia seen to be very great, 
and the value of a study of this subject may be readily appreciated. 
While in many cases electricity is not the cheapest source of 
power for illumination, its admirable qualities and convenience 
of operation make it by far the most desirable. 

Classification. The subject of Electric Lighting may be clas- 
sified as follows: 

1. The typo of lamps used. 

2. The methods of distributing power to the lamps. 

3. The use made of the light, or its application. 

4. Photometry and lamp testing. 

Taking up these branches in the order named, we may further 
subdivide the types of lamps used into; 

1. Incandescent lamps. 

2. Arc lamps. 

3. Special lamps, or lamps which do not require carbon, such as the 
Nemst lamp, Cooper-Hewitt lamp, etc. 

The Incandescent Lamp. The incandescent lamp is by far the 
most common type of lamp used, and the principle of its operation 
is as follows: 

If a current I is sent through a conductor whose resistance is 
K, for a time ^, the conductor is heated, and the amount of heat 
generated is: 

Heat generated = PR ty PR t representing joules or watt- 
seconds. 

If the current, material, and conditions are so chosen that 
the substance may be heated in this way until it gives out light, 
becomes incandescent, and does not deteriorate too rapidly, we 
have an incandescent lamp. Carbon is the substance chosen for 
this conductor and for ordinary lamps it is formed into a small 
thread or filament. Carbon is selected for two reasons: 

1. The material must be capable of standing a very high 
temperature, 1280 to 1330^ C. 

2. It must be a conductor of electricity with a fairly high 
resistance. 

Platinum has been used for the material, but, as we shall see, 
1(8 temperature cannot be maintained at a value high enough to 
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make the lamp as efficient as wben carbon is used. Nearly all at- 
tempts to substitute another substance in place of carbon have 
failed, and the few lamps which are partially successful will be 
treated under the head of special lamps. The nature of the car- 
bon employed in incandescent lamps has, however, been much im- 
proved over the first forms, and the method of manufacture will 
be treated next. 

MANUFACTURE OF INCANDESCENT LAMPS. 

Preparation of the Filament. Cellulose, a chemical com- 
pound rich in carbon, is prepared by treating absorbent cotton 
with zinc chloride in proper proportions to form a uniform, gela- 
tine-like mass. It is customary to stir this under a partial vac- 
uum in order to remove bubbles of air which might be contained 
in it and destroy its uniformity. This material is then forced, 
'^squirted," through steel dies into alcohol, the alcohol serving to 
harden the soft, transparent threads. These threads are then 
thoroughly washed to remove all trace of the zinc chloride, dried, 
cut to the desired lengths, wound on forms, and carbonized by 
heating to a high temperature away from air. During carboni- 
zation, the cellulose is transformed into pure carbon, the volatile 
matter being driven ofE by the high temperature to which the fil- 
aments are subjected. The material becomes hard and stiff, as- 
suming a permanent form, shrinking in both length and diameter; 
the form being specially constructed so as to allow for this shrink- 
age. The forms are made of carbon blocks which are placed in 
plumbago crucibles and packed with powdered carbon; the cruci- 
bles are covered with loosely fitting carbon covers. The crucibles 
are gradually brought to a white heat, at which temperature the 
cellulose is chancjed to carbon, and then allowed to cool. After 
cooling, the filaments are removed, measured and inspected, and 
the few defective ones discarded. 

In the early days, these filaments were made of cardboard or 
bamboo, and later of thread treated with sulphuric acid. 

A few of the shapes of filaments now in use are shown in 
Tig. 1, the different shapes giving a slightly different distribution 
of light. The shapes here shown are designated as follows: A, 
U-slia])ed; B, single-curl; C, single-curl anchored; D, double- 
loop; E, double-curl; F, double-curl anchored. 
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Mounting the Filament. After carbonizatioD, the filaments 
are mounted or joined to wires leading into the globe or bulb. 
These wires are made of platinum — platinum being the only sub- 
stance, BO far as known, that expands and contracts the same as 
glass with change in temperature and which, at the same time, 
will not be melted by the lieat developed in the carbon. Since 
the bulb must remain air-tight, a substance expanding at a differ- 
ent rate from the glass cannot be used. Several methods of fasten- 
ing the filament to the "leading in" wires have lieen used, such 
as foniiing a socket in the end of the wire, inserting the filament 
aud then squeezing the socket tightly agaiust the carbon, and the 




C D 

Fig. 1. 

use of tiny IjoHs when cardlioard filaments were used, but the 
pasted joint is now usi.'d almost exclusively. Finely powdered 
carbon is mixed with some adhesive compound, such as molasses, 
and this mixture is used as a paste for fastening the carbon to the 
platinum. Later, when current is sent through the joint, the 
volatile matter is driven off and only the carbon remains. This 
makes a cheap and, at the same time, a very efficient joint. 

Flashing. Filaments, prepared aud mounted in the uiannei 
just described, are fairly uniform in resistance, but it baa been 
found that their quality may be much improved and their resist. 
ance very closely regulated by depositing a layer of carbon on the 
outside of the filament by the process of "flashing". Ey flashing 
is meant heating the fihiTiient to a high temperature when irn. 
mersed in a hydrocarbon gas, such as gasoline vapor, under partial 
vacuum. (Current is passed through the filament in this process 
to accomplish the heating. Gas is used, rather than a liquid, to 
prevent too heavy a dejwsit of the carbon. Coal gas is not recom- 
mended because the carbon, when deposited from this, has a duJ' 
black appearance. The effects of flashing are as follows. 
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1. The diameter of the filament is increased by the deposited 
carbon and hence its resistance is decreased. The process must be 
discontinued when the desired resistance is reached. Any little 
irregularities in the filament will be eliminated since the smaller 
sections, having the greater resistance, will become hotter than the 
remainder of the filament and the carbon is deposited more rapidly 
at these points. 

2. The character of the surface is changed from a dull black 
and comparatively soft nature to a bright gray coating which is much 
harder and which increases the life and efiiciency of the filament. 

Exhaustinsr. After flashing, the filament is sealed in the 
bulb and the air exhausted through the tube A in Fig. 2, which 
shows the lamp in different stages of its manufacture. The 
exhaustion is accomplished 



by means of mechanical air 
pumps, supplemented by 
Sprengle or mercury pumps 
and chemicals. Since the 
degree of exhaustion must be 
high, the bulb should be 
heated during the process so 
as to drive off any gas which 
may cling to the glass. When 
chemicals are used, as is now ^^sAme 
almost universally the case, 
the chemical is placed in the 
tube A and, when heated, 
serves to take up much of the 
remaining gas. Exhaustion 
is necessary for several rea- 
sons : 
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Fig. 2. 



1. To avoid oxidization of the filament. 

2. To reduce the heat conveyed to the globe. 

3. To prevent wear on the filament due to currents or eddies in the gas. 

After exhausting, the tube A is sealed off and the lamp com- 
pleted for testing by attaching the base by means of plaster of 
Paris. Fig. 3 shows some of the forms of completed incandescent 
lamps. 
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Volt^e and Candle- Power. Incandeecent lamps vary in eize 
from the mioiattire battery and candelabra lamps to those of several 
hundred candle-power, though the latter are very seldom nsed. 
The more common values for the candle power are 8, 16, 25, S2, 
and 50, the choice of candle-power depending on the use to be 
made of the lamp. 

The volt*^ will vary depending on the method of distribu- 
tion of the power. For what is known as parallel distribution, 
HO or 220 volts are generally used. For the higher values of the 




Fig. 3. 

voltage, long and slender filaments must be used, if the candle> 
power is to be low, and lamps of less than 16 candle-power for 
230-voU circuits are not practical, owing to ditBculty in mana- 
facture. For series distribation, a low voltage and higher current 
is used, hence the filaments may be quite heavy. Battery lamps 
operate on from 4 to 24 volts, but the vast majority of lamps for 
general illumination are operated at or about 110 volts. 

Efficiency. By the eHJcieucy of an incandescent lamp is 
meant the power required at the lamp terminals per candle-power 
of light given. Thus, if a lamp giving an average horizontal 
candle-power of 16 consumes ^ an ampere at 113 volts, the total 
namber of watts consumed will be 112 X i = 50, and the watts 
per candle-power will be 56 -f- 16 = 3.5. The eflieiency of such 
a lamp is said to be 3.5 watts per candle-power. " Watte econ- 
omy " is sometimes used for " efficiency ". 
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The e£Qciencj of a lamp depends on the temperature at which 
the filament is rnn. This temperature is between 1280° and ISSO' 
C, and the curve in Fig. 4 shows the increase of efficiency with the 
increase of temperature. The temperature attained bj a filament 
depends on the rate at which beat is radiated and the amount of 
power Bupplied. The rate of radiation of heat is proportional to 
the area of the filament, the elevation in temperature, and the 
emissivitj of the surface. 

By emissivity is meant the nnmber of heat units emitted 
from unit surface per degree rise in temperature above that of 
surrounding bodies, llie bright surface of a Sashed filament has 
a lower emissivity than the dnll sar&oe of an unheated filament, 



Fig. 4. 

hence less energy is lost in heat radiation and the efficiency of the 
filament is increased. 

As soon as incandescence is reached, the illumination increases 
much more rapidly than the emission of beat, hence the increase 
in efficiency shown in Fig. 4. Were it not for the rapid disinte. 
gration of the carbon at high temperature, an efficiency higher 
than 3.1 watts could be obtained. 

Relation ol Life to Efficiency. By the naefiil life of a lamp 
is meant the length of time a lamp will burn before its candle- 
power has decreased to such a value that it would be more eco- 
nomical to replace the lamp with a new one than to continue to 
use it at its decreased valae. A decrease to 80% of the initial 
candle-power is now taken as the point at which a lamp should be 
replaced, and the normal life of a lamp is in the neighborhood of 
800 hours. To obtain the most economical results, lamps should 
always be replaced at the end of their neeful life. 
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In Table 1 are given values of the efficiency and life of a 
8.5-watt, 110-volt lamp for various voltages impressed on the 
lamp. These values are plotted in Fig. 5. These curves show 
that a 3<^ increase of voltage on the lamp reduces the life by 
one-half, while an increase of 6% causes the useful life to fall 
to one-third its normal value. The effect is even greater when 
8.1-watt lamps are used, but not so great with 4-watt lamps. 
From this we see that the regulation of the voltage used on the 
system must be very good if high efficiency lamps are to be used, 
and this regulation will determine the type of lamp to be installed. 

Selection of Lamps. Lamps taking 3.1 watts per candle- 
power will give satisfaction only when the regulation of voltage is 
the best — practically a constant voltage maintained at the normal 
voltage of the lamp. 

TABLE I. 



Effects of Chans^e in Voltas^e. 

Standard 3.5 Watt Lamp. 



Voltage 

Per Cent, of 

Normal. 


Candle-power 

Per Cent, of 

Normal. 


Wattj? Per 
Candle-Power 


Life Per Cent, 
of Normal. 


Deterioration 

Per Cent, of 

Normal 


90 


53 


5.36 






91 


56 


5.09 






92 


61 


4.85 






as 


65 


4.63 






94 


69 


4.44 


394 


»S 


95 


73 


4.26 


310 


32 


96 


78 


4.09 


247 


44 


97 


83 


3.93 » 


I 195 


51 


98 


88 


3.78 


153 


66 


99 


94 


3.64 


126 


79 


100 


100 


3.6 


100 


JOO 


101 


106 


3.38 


84 


118 


102 


111 


3.27 


68 


146 


103 


116 


3.16 


58 


173 


104 


123 


3.05 


47 


211 


105 


129 


2.95 


39 


253 


106 


137 


2.85 


31 


316 


107 


143 


2.76 


26 


380 


108 


152 


2.68 


21 


474 


109 


159 


2.60 


17 


575 


110 


167 


2.53 


16 


637 



Lamps of 3.5 watts per candle-power shonld be used when 
the regulation is fair, say with a maximum variation of 2% from 
the normal voltage. 
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Fig. 5. 

Lamps of 4 watts per candle-power sbonld be installed when 
the regulation is poor. These values are for 110-voit lamps. A 
220.volt lamp should have a lower efficiency to give a long life. 



Pig. 6. 

Lamps should iilways be renewed at the end of their useful 
life, this point being termed the "smashing-point", as it is 
cheajier to replace the lamp than to run it at the reduced candle- 
power. Some recommend rnuniiig thrae lamps at a higher 
voltage, but that means at a reduced efficiency, and it is not good 
practice to do this. 
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Fig. 6 ehows the life curveB of a eeriea of incaodesceDt 
lamps. These curves show that there is an iccreaBein the candle- 
power of some of the lamps during the first 100 hours, followed 
by s period dnriDg which the value is fairly constaot, after ubicb 



the light given by the lamp is gradnally i-educwl to about 80^ of 
the initial caiidle-j)Ower. 

DISTRIBUTION OF LIGHT. 

In Fig. 1 are shown various forma of filaments used in 
incandescent lamps, and Fig«, 7 and 8 show the distribution of 
light from a siiigle-loop filament of cylindrical cross-section. 



EfECTBIC LIGHTING 



Fig. 7 shows the diatribntion of light in a horizontal plane, the 
lamp being mounted ia a vertical position, and Fig. 8 shows the 
distribatioQ in a vertical plane. Bj changing the shape of the 
filament, the light distribution is varied. A me&n of the read- 
ings taken in the horizontal plane forma the mean horisontal 
caiidte-power, and this candle-power rating ia the one generally 



Fig. 8. 

aesnmed for the ordinary incandescent lamp. A mean of the 
readings taken in a vertical plane gives us the mean vertical 
candle-power, but this valae is of little use. 

rieati Spherical Candle-Power. WheD comparing lamps 
which give an entirely different light distribution, ^bemoan horizon- 
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tsl candle-power does not form a proper basis for such comparison, 
and the meaQ spherical or the mean hemiBphericAl candle-power la 
used instead. By mean spherical candle-power is meant a mean 
value of the light taken in all directions. The methods for deter- 
mining this will be taken up under photometry. The mean hemi- 
Bpherical candle-power has reference, usually, to the tight given 
out below the horizontal plane. 

ARC LAMPS. 

The Electric Arc. Suppose two carbon rods are connected in 
an electric circuit, and the circuit closed by touching the tips of 
these rods together; on separating the carbons again the circuit 
will not be broken, provided the space b&tween the carbons be not 
too great, but will be maintained through the arc formed at these 
points. This phenomenon, which is the basis of the arc light, was 
first observed on a large scale by Sir Humphrey Davy, who used a 
battery of 2,000 cells and produced an 
arc between charcoal points four inches 

;:-T i'}.-, ^^ ^^ incandescence of the carbons 

:;■:;•.:'■ across which an arc is maintained, 
.v'-^fr together with the arc itself, forms the 
;"■;■.:.: source of light for all arc lamps, it will 
V-";; be well to study the nature of the arc. 
' vf. ,::■';.■' Fig. 9 shows the general appearance of 

":'.'■: ■,/.' an arc between two carbon electrodes 

.'■T" '/ when maintained by direct current. 

Uere the current is assumed as 
Fig,9_ . passing from the top carbon to the bot- 

tom one as indicated by the arrow and 
signs. We find, in the direct-current arc, that the most of the 
light issues from the tip of the positive carbon, or electrode, and 
this portion is known as the cruter of the arc. This crater has a 
temperature of from 3,000 to 3,500^ C, the temperature at which the 
carbon vaporizes, and gives fully 80 to 85% of the light furnished by 
the arc. The negative carbon becomes pointed at the same time that 
the positive one is hollowed out to form the crater, and it is also 
incandescent bat not to as great a degree as the p(»itive carboo. 



ELECTRIC LIGHTING 



15 



Between the electrodes there is a band of violet light, the arc 
proper, and this is surrounded by a luminous zone of a golden 
yellow color. The arc proper does not furnish more than 5% of 
the light emitted. 

The carbons are worn away or consumed by the passage of 
the current, the positive carbon being consumed about twice as 
rapidly as the negative. 

The light distribution curve of a direct -cur re?it arc^ taken in 
a vertical plane, is shown in Fig. 10. Here it is seen that the 
maximum amount of light is given off at an angle of about 50^ from 
the vertical, the negative carbon shutting off the rays of light that 
are thrown directly downward from the crater. 

If alternating current is 
used, the upper carbon be- 
comes positive and negative 
alternately, and there is no 
chance for a crater to be 
formed, both carbons giving 
off the same amount of light 
and beintr consumed at about 
the same rate. The light dis- 
tribution curve of an alter- 
natuuj-current arc is shown 
in Fig. 11. 

Arc Lamp Mechanisms. 
In a practical lamp we must 
have not only a pair of car- 
bons for producing the arc, 
but also means for supporting these carbons, together w^ith suitable 
arrangements for leading the current to them and for maintaining 
them at the proper distance apart. The carbons are kept separated 
the proper distance by the operating mechanisms which must per- 
form the following functions : 

1. The carbons must be In contact, or be brought into contact, to 
start the are when the current first flows. 

2. They must be separated at the right distance to form a proper are 
immediately afterward. 

3. The carbons must be fed to the arc as they are consumed. 

4. The circuit should be open or closed when the carbons are entirely 
consumed, depending on the method of power distribution. 
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The feeding of the carbons may be done by hand, as is the 
case in some stereopticons using an arc, but for ordinary illumina- 
tion the striking and maintaining of the arc must be automatic. 
It is made so in all cases by means of solenoids acting against the 
force of gravity or against springs. There are an endless number 




Fig. IL 

of such mechanisms, but a few only will be described here. They 
may be roughly divided into three classes: 

1. Shunt Mechanisms. 

2. Series Mechanisms. 

3. Differential Mechanisms. 

In Shunt Lamps, the carbons are held apart before the cur. 
rent is turned on, and the circuit i? closed through a solenoid 
connected in across the gap so formed. All of the current must 
pads through this coil at first, and the plunger of the solenoid is 



280 



ELECTRIC LIGHTING 



17 



arranged to draw the carbons together, thus starting the arc. The 
pull of the solenoid and that of the springs are adjusted to main- 
tain the arc at its proper length. 

Such lamps have the disadvantage of a high resistance at the 
start — 450 ohms or more — and are difficult to start on series cir. 
cuits, due to the high voltage required. They tend to maintain a 
constant voltage at the arc, but do not aid the dynamo in its regu* 
lation, so that the arcs are liable to be a little unsteady. 

With the Series-Lamp Mechanism^ the carbons are together 
when the lamp is first started and 

the current, flowing in the series **" "^ ^ | G j R ?" 

coil, separates the electrodes, r^A/WWWVWWV 

striking the arc. When the arc 
is too long, the resistance is in- 
creased and the current lowered 
80 that the pull of the solenoid is 
weakened and the carbons feed 
together. This type of lamp can 
be used only on constant-poten- 
tial systems. 

Fig. 12 shows a diagram of 
the connection of such a lamp. 
This diagram is illustrative of 
the connection of one of the 
lamps manufactured by the 
Western Electric Company, for 
use with direct current on a con- 
stant-potential system. The 
symbols + and — refer to the 
terminals of the lamp, and the 
lamp must be so connected that 
the current flows from the top carbon to the bottom one. R is a 
series resistance, adjustable for different voltages by means of the 
shunt 6. F and D are the controlling solenoids connected in 
series with the arc. 6 and C are the positive and negative ear- 
bons respectively, while A is the switch for turning the current 
on and off. H is the plunger of the solenoids and I the carbon 
clutchi this being what is known as a ^' carbon feed " lamp. The 




Fig. 12. 
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carbons are together when A is first closed, the current is excess- 
ive, and the plunger is drawn up into the solenoids, lifting the 
carbon B until the resistance of the arc lowers the current to such 
a value that the pull of the solenoid just counterbalances the weight 
of the plunger and carbon. G must be so adjusted that this point 
is reached when the arc is at its normal length. 

In the Differential Lamp» the series and shunt mechanisms 
are combined, the carbons being together at the start, and the 
series coil arranged so is to separate them while the shunt coil is 

connected across the arc, as be- 
fore, to prevent the carbons from 
being drawn too far apart. This 
lamp operates only over a low- 
current range, but it tends to aid 
the generator in its regulation. 

Fig. 13 shows a lamp having a 
differential control, this also be- 
ing the diagram of a Western 
Electric Company arc lamp for 
direct-current, constant-potential 
system. Here S represents the 
shunt coil and M the series coil, 
the armature of the two magnets 
A and A' being attached to a 
bell-crank, pivoted at B, and at- 
tached to the carbon clutch C. 
The pull of coil S tends to lower 
the carbon while that of M raises 
the carbon, and the two are so 
adjusted that equilibrium is 
reached when the arc is of the proper length. All of the lamps 
are fitted with an air dashpot or some damping device to prevent 
too rapid movements of the working parts. 

The methods of supporting the carbons and feeding them to 
the arc may be divided into two classes: 

1. Rod feed. 

2. Carbon feed. 

Lamps using a Rod Feed have the upper carbons supported by 
ft conducting rod, and the regulating mechanism acts on this rod, 
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Fig. 13. 
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the current being fed to the rod by means of a eliding contact. 
Fig. 14 8bow3 the arrangement of thia type of feed. The rod is 
shown at R, the sliding contact at B, and the carbon is attached to 
the rod at C, 

These lamps have the advantage that carbons, which do not 
have a uniform cross-section or smooth exterior, may be ased, bat 
they possess the disadvantage 

of boing very long in order to + — 

accommodate the rod. The 
rod must also be kept clean so 
as to make a good contact 
with the brush. 

In Carbon-Feed lamps the 
controlling mechanism acts 
on the carbons directly 
through some form of clutch 
such aa is shown at C in Fig. 
15, This clamp grips the car- 
bon when it is lifted, but 
allows the carbon to slip 
through it when the tension 
is released. For this type of 
feed the carbon must be 
straight and have a uniform 
cross-section aa well as s 
smooth exterior. The cur- 
rent may be led to the carbon 
by means of a flexible lead 
and a short carbon bolder. 

Dmible-Carbon Lamps. In 
order to increase the life of the 



Fig. 14. 



early form of are lamp without using too long a carbon, the 
double-carbon type was introduced. Thia type ueea two seta of 
carbona, both sets being fed by one mechanism so arranged that 
when one pair of the electrodes is consumed the other is put 
into service. With the introduction of the enclosed arcs, this 
form of lamp is rapidly disapjiearing, although a few are still 
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Arc lamps are conatructed to operate on Direct Current or 
Alternating Current systems when connected in Series or iu 
Mtdtiple. Thej are also made in both the Open and the Encloaed 
forms, but almost all of the lamps operating on alternating 
carreut or on constant-potential, direct current are eucloeed. 



Fig. 15. 

Ry an Open Arc ia meant an arc lamp in which the arc is 
ozposed to the atmosphere, while in the Jinclused Arc an inner or 
enclosing globe aiirrouLda the arc, and this globe ia covered with 
a cap which renders it nearly air-tight. Fig. 15 is a good example 
of an enclosed arc as manufactured by the General Electric 
Company. 

Open Arcs for direct-current systems were the first to be 
□aed to any great extent, and they are used considerably at present^ 
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although they are being rapidly replaced by the enclosed types or 
the alternating-current systems. They are always connected in 
series, and are run from some form of special arc machine, a 
description of which may be found in " Types of Dynamo Electric 
Machinery". 

Each lamp requires in the neighborhood of 50 volts for its 
operation, and, since the lamps are connected in series, the voltagr 
of the system will depend on the number of lamps; therefore, the 
number of lamps that may be connected to one machine is limited 
by the maximum allowable voltage on that machine. By special 
construction as many as 125 lamps are run from one machine, but 
even this size of generator is not so efficient as one of greater 
capacity. Such generators are usually wound for 6.6 or 9.6 
amperes. Since the carbons are exposed to the air at the arc, 
they are rapidly consumed, requiring that they be renewed daily 
for this type of lamp. 

Enclosed Direct-Current Arc Lamps for series systems are 
constructed much the same as the open lamp, and are controlled 
by either shunt or differential mechanism. They require a volt- 
age from G8 to 75 at the arc, and are usually constructed for 
from 5 to G.8 amperes. They also require a constant-current 
generator. 

Arc Lamps lor Constant- Potential direct-current systems 
must have some resistance connected in series with them to keep 
the voltage at the arc at its proper value. This resistance is made 
adjustable so that the lamps may be used on any circuit. Its 
location is clearly shown in Fig. 15, one coil being located above, 
the other below the operating solenoids. 

Arc Lamps for Alternating Currents do not differ greatly in 
construction from the direct-current arcs. When iron or other 
metal parts are used in the controlling mechanism, they must be 
laminated or so constructed as to keep down induced or eddy cur- 
rents which might be set up in them. For this reason the metal 
spools, on which the solenoids are wound, are slotted at some point 
to prevent them from forming a closed secondary to the primary 
formed by the solenoid winding. On constant potential circuits a 
reactive coil is used in place of a part of the resistance for cutting 
down the voltage at the arc. 
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Interchangeable Arc Lamps are manufactured which may be 
readily adjusted bo as to operate on either direct or alternating 
current, and on voltages from 110 to 220. Two lamps may be 
run in series on 220- volt circuits. 

The distribution of light, and the resulting illumination for 
the different lamps just considered, will be taken up later. Aside 
from the distribution and quality of light, the enclosed arc has the 
advantage that the carbons are not consumed so rapidly as in the 
open lamp because the oxygen is soon exhausted from the inner 
globe and the combustion of the carbon is greatly decreased. They 
will burn from 80 to 100 hours without re-trimming. 

TABLE 2. 
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•Condition of po outer globe, f Condition with shade on lamp. H. U Hefner Units. 

Rating^ of Arc Lamps. Open arcs have been classified as 
follows : 

Full Arcs, 2,000 candle-power taking 9.5 to 10 amps, or 450-480 watts. 
Half Arcs, 1,200 candle-power taking 6.5 to 7 amps, or 325-^350 watts. 
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These candle-power ratings are much too high, and run more 
nearly 1,200 and 700, respectively, for the point of maximum in- 
tensity and less than this if the mean spherical candle-power be taken. 
For this reason, the ampere or watt rating is now used to indicate 
the power of the lamp. Enclosed arcs use from 3 to 6.5 amperes, 
but the voltage at the arc is higher than for the open lamp. Table 
2 gives some data on enclosed arcs on constant-potential circuiti^. 

Efficiency. The efficiency of arc lamps is given as follows: 

Direct Current Arc (enclosed) 2.9 watts per candle-power. 
Alternating Current Arc ( enclosed) 2.95 watts per candle-power. 
Direct Current Arc (open) .6-1.25 watts per candle-power. 

Arc-Lamp Carbons are either moulded or forced from a prod- 
uct known as petroleum coke or from similar materials such as 
lampblack. The material is thoroughly dried by heating to a 
high temperature, then ground to a fine powder and combined 
with some substance such as pitch which binds the fine particles 
of carbon together. After this mixture is again ground it is ready 
for moulding. The powder is put in steel moulds and heated un- 
til it takes the form of a paste, when the necessary pressure is ap- 
plied to the moulds. For the forced carbons, the powder is 
formed into cylinders which are placed in machines which force 
the material through a die so arranged as to give the desired di- 
ameter. The forced carbons are often made with a core of some 
special material, this core being added after the carbon proper has 
been finished. The carbons, whether moulded or forced, must be 
carefully baked to drive off all volatile matter. The forced car- 
bon is always more uniform in quality and cross-section, and is 
the type of carbon which must be used in the carbon feed lamp. 
The adding of a core of a different material seems to change the 
quality of light, and being more readily volatilized, keeps the arc 
from wandering. 

Plating of carbons with copper is sometimes resorted to for 
moulded forms for the purpose of increasing the conductivity, andj 
by protecting the carbon near the arc, prolonging the life. 

SPECIAL LAMPS. 

Under this heading may be considered all lamps which do 
not use carbon as the incandescent material, as well as some lamps 
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which use carbon in conjunction with other materials. ' The first 
of these lamps, or the one at present most widely used, is the 
Nernst Lamp. 

The Nernsi Lamp is an incandescent lamp using for the incan- 
descent material certain oxides of the rare earths. The oxide is 
mixed in the form of a paste, then squirted through a die into a 
string which is subjected to a roasting process forming the filament 
or glower material of the lamp. The glowers are cut the desired 
length and platinum terminals attached. The attachment of these 
terminals to the glowers is a very itnportant process in the manu- 
facture of the lamp, and is accomplished by fusing the ends of the 
glower and the platinum lead into small beads, and, when the two 
are brought into contact, the platinum is sucked up into the glower 
head, forming a very neat and efficient connection. Fig. 16 shows 
several completed glowers. 
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Fig. 17. 



As the glower is a non-conductor when cold, some form of 
heater is necessary to bring it up to a temperature at which it will 
conduct. Two forms of heater are used, the first being formed of 
fine platinum -wire wound over a porcelain tube as a support and 
covered with porcelain paste to prevent deterioration as much as 
possible. These ''heater tubes", as they are called, are mounted 
just above the glowers in the finished lamp. The second form of 
heater is known as the "spiral heater", and this is also made of fine 
platinum wire wound on a porcelain rod and covered with paste, 
the rod being then formed on a mandrel to the desired shape. 
Figs. 17 and 18 sbow the two forms of heaters. 

The heating device is connected across the circuit when the 
lamp is first turned on, and it must be cut out of circuit automat- 
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ically when tlie glower becomes a eonductoFj otherwise the heater 
would soon be destroyed. This automatic cut-out is operated by 
means of an electromagnet so arranged that current flows through 
its coil as soon as the glower conducts and opens a fonn of silver 



Fift. 18. 



contact cutting out the heater. The heater circuit is nonnally 
kept closed by the force of gravity so that the lamps will operate 
only in one position. A successful form of universal cut-out, that 
is, one which will operate when the lamp is in any position, has not 
yet been put on the market, though experiments with this type 
are being made. 




TT 



The conductivity of the glower increases with its temperature ; 
hence, if used on a constant-potential circuit directly, its temp(.>r. 
ature would continue to increase, due t» the greater current flow- 
ing, until the glower was destroyed. To prevent this increase of 
current, a haUast ri;sist<ince of fine iron wire is connected In series 
with the glower. As is well known, the resistance of iron wire 
increases quite rapidly with increase of temperature, and this resist- 
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ance is so adjusted that the resistaDce of the combined circuit 
reaches a constant value when the current is of the proper strength. 
Tlie iron wire must be protected from the air to prevent oxidiza- 
tion and too rapid temperature changes, and, for this reason, it is 
mounted in a glass bulb filled with hydrogen. Hydrogen has 
been selected for this purpose because it is an inert gas and con- 
ducts the heat from the ballast to the walls of the bulb better than 
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Pig. 20. 
other gases. Fig. 19 shows the form of bulb which contains the 
ballast. 

All of the parts enumerated, namely, glower, heater, cut-out 
and ballast, are mounted in a suitable manner, the smaller lamps 
having but one glower and arranged to fit an incandescent lamp 
socket, while the larger types have as many as six glowers and are 
arranged to be supported in a manner similar to arc lamps. All 
of the parts are interchangeable and may be easily renewed. 

Fig. 20 shows the complete connections of a six-glower lamp. 
Current enters the lamp at terminal 1 (or 2), passes through the 
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Fig. 21. 

eontactB of the cut-out 4, to the heater circuit 5, tben to the con- 
tacts 4' and to terminal 2, When the glowers become hot enongh 
to condnct, the current divides at 1', part ot it going through tha 





Fig. 23. 

glowers 6, the ballast 7, and the cnt-ont coil 3 to tenninal 2. 
iiy the time the curn-nt in tbe glower liiis reached Its normal value, 
the contacts at 4 and 4' have o£H;nud, cutting out the heater coila 
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eotirely. Tbe heaters are so arranged tbat if one is destroyed, the 
other two will heat the glowers as quickly as possible. 

Fig. 21 showe the jiarts of a single.glower lamp with the 
exception of the globe. Fig. 22 illustrates a six-glower street 
lamp. Fig. 23 shows lamps for inside use completely assembled 
Fig. 24 shows a glower aud spiral heater so mounted that the two 
may be very readily replaced. This type is used on some of the 
very latest forms of lamps put on 
the market by the Xernst Lamp 
Company of Pittsburg, which 
company controls the manufact- 
ure of these lamps in the United 



This type of lamp is used ex- 
tensively only on alternating- 
current circuits at a frequency of 
aI>oiit GO cycles, and preferably 
at 220 volts, as the efficiency is 
better at this voltage, due to less 
Pj 22. energy being consumed in the 

ballast. Series lamps, and lamps 
operated on direct current, are still in the experimental stage. 

The advantages claimed for tbe Nernst lamp are increased 
efficiency, a good color of light, and a good light distribution. The 
efficiency varies with the type and tbe voltage used, as well as with 
the direction in which tbe candle-power is measured and the type 
of globe used. For a 100-hour run on a two-glower, 220-7olt 
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lamp using a G-incli light sand-blasted globe, the watte varied 
from 170 to 158, while the mean hemiapherical candle-power 
varied from 67.8 to 50.8, giving an efficiency from 2.5 to 3.1 watte 
per mean hemispherical candle-power; showing an effioiency better 
than the incandescent but not so good ae the arc laiup. 

S 



Fig. 25. 

Fig. 25 sliows two distribution curves for Nernst lamps. 

To give the best results, lamps using the tube heaters must 
be cleaned regularly at the intervals of about 100 hours of burning. 
The spiral heaters are not cleaned, but are renewed at the end oi 
the useful life of the glower. The light given by these lamps is 
very white in color, and the use of sand-blasted or alabaster globe? 
reduces its intense brilliancy. 
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Osmium Lamps. OBinium has been experiiuented on as a 
Bobstance to replace carbon in the ordinary incaadeecent lamp, and 
80 far vary efficient lamps have been constructed naing this mate- 
rial, but the voltage is low, due to the low resistance of the material 



and the difficulty of making a Ulament fine enough to give the 
desired resistance for higher voltages. At 25 volts, lamps are con- 
structed giving an efficiency of 1.5 to 1.7 watts per candle-power, 
and with a life comparable with that of a 8.5-watt incandescent 
lamp. The low voltage makes this lamp undesirable for parallel 
distribution systems. 

The Bremer Arc Lamp is one of the most favorable of sev- 
eral modifications of the arcs which have beeu proposed. Thip 
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lamp uses very slender carbons having a core made oE refractory 
oxides such as silica, lime, or magnesia. An efficiency of .1 to A 
watts per candle-power (mean spherical) has been claimed for this 
type of lamp, but it is still in the experimental Btage. 

TTie Mercury Vapor Lamp. Probably the Cooper Hewitt, 

or Mercury Vapor Lamp, is the only other special lamp deserving 

mention here. This lamp is being introduced to quite an extent 

where the quality of the 

tiglit is not of 80 much 

importance. In this 

lamp, mercury vapor, 

reudered incandescent 

by the passage of an elec- 

trie current, forms the 

source of light. One 

electrode is formed of 

mercury and the other 

may be of mercury or 

iron. In the morecom- 

Fjg. 26. ™on type of lamp, these 

electrodes are mounted 

at the end of a long glass tube which baa been very carefully 

exhausted. Fig. 26 shows such a lamp constructed for a 110-voIt 

circuit. Dimensions of this lamp are as follows: " 

For 100 Volts. For 120 Volts. 

Length of light-giving tube iS inches. 19 inches. 

Length over all 50 inches. 56 inches. 

Diameter 1 inch. 

Current 3 to 3.5 amperes. 
Candle Power at 120 volts, 750. 
Life (average), 1,600 hours. 

The mercury vapor, at the start, may be formed in two ways. 
First, the lamp may be tipped so that a stream of mercury makes 
contact between the two electrodes and mercury is vaporized when 
the stream breaks. Second, by means of a high inductance and a 
quick break switch; a very high voltage, sufficient to pass current 
from one electrode to the other, is induced and the conducting vapor 
formed. The lamp, as now manufactured, will operate only on 
direct current, but the alternating-current lamp is being developed. 
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Fig 27 is a diagram of a lamp connected for starting by the 
quick-break method, while Fig. 28 shows two 55-volt lamps con- 
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nected in series on a 110- volt circuit, and arranged to be started 
by tipping. A steadying resistance and reactance are connected 
as shown in the diagram, the two being mounted on one base 
which may readily be attached to the wall as shown in Fig. 26. 
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Pig. 28. 

The mercury vapor lamp is not made in small sizes for ordi- 
nary voltages, and its light is very objectionable for the purpose 
of distinguishing color, as there is an entire absence of red rays. 
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This absence of the red light makes the illumination one that is 
very easy on tlie eyes but, on account of the color, its use is lim- 
ited to the lighting of shops, offices, and drafting rooms, or in 
display windows where the goods shown are not changed in appear- 
ance by its color. It is also coming into use to a large extent in 
photographic work on account of the actinic properties of its light. 

POWER DISTRIBUTION. 

The question of power distribution for electric lamps and 
other appliances is taken up fully in the section on tl^at subject, 
therefore it will be treated very briefly here. The systems may 
be divided into: 

1. Series Distribution Systems. 

2. Multiple-Series or Series-Multiple Systems. ' 

3. Multiple or Parallel Systems. 

They apply to both alternating and direct current. 

The Series System is the most simple of the three; the lamps, 
as the name indicates, being connected in series as shown in Fig. 
29. A constant load is necessary if a constant potential is to he 
used. If the load is variable, a constant-current generator, forms 
of which are described in " Types of Dynamo-Electric Machinery", 
or a special regulating device is necessary. Such devices are con- 
stant-current transformers and constant-current regulators as ap- 
plied to alternating-current circuits. 

The series system is used mostly for arc and incandescent 
lamps when applied to street illumination. Its advantages are 
simplicity and saving of copper. Its disadvantages are high volt- 
age, fixed by the number of lamps in series; size of machines is 
limited since they cannot be insulated for voltage above about 
6,000; a single open circuit shuts down the whole system. 

Alternating-current series distribution systems are being used 
to a very large extent. By the aid of special transformers, or regu- 
lators, any number of circuits can be run from one machine or set 
of bus bars, and apparatus can be built for any voltage and of any 
size. It is not customary, how^ever, to build transformers of this 
type having a capacity greater than 100, 6.6-ampere lamps. 

The constant-current transformer most in use for lighting 
purposes is the one manufactured by the General Electric Company 
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and commonly known as a " tub " transformer. Fig. 30 shows 
such a transformer when removed from the case, and Fig. 29 gives a 
diagram of the connection of a single-coil transformer in service. 

Referring to Fig. 30, the fixed coils A form the -^primaries 
which are connected across the line; the movable coils B are the 
secondaries connected to 
the lamps. There is a re- 
pulsion of the coils B by 
the coils A when the cur- 
rent flows in both circuits 
and this force is balanced 
by means of the weights 
at W, so that the coils B 
take a position such that 
the normal current will 
flow in the secondary. On 
light loads, a low voltage 
is sufficient, hence the sec- 
ondary coils are close 
together near the middle 
of the machine and there 
is a heavy magnetic leak- 
age. When all of the lamps 
are on, the coils take the 
position shown when the 
leakage is a minimum and 
the voltage a maximum. S 
When first starting up, they 
transformer is short-cir- | 
cuited and the secondary 
coils brought close to- 
gether. The short circuit is then removed and the coils take a 
position corresponding to the load on the line. 

These transformers regulate from full load to J rated load 
within -jY ainpere of normal current, and can be run on short 
circuit for several hours without overheating. The efficiency is 
given as 90% for 100-light transformers and 94.()% for 50-light 
transformers at full load. The power factor of the system is from 
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76 to 78% on full load, and, owing to the great amount of magnetic 
leakage at less than full load, the effect of leakage being the 
same as the effect of an inductance in the primary, the power factor 
is greatly reduced, falling to G2% at £ load, 44% at i load, and 
24% at J load. 

Standard sizes are for capacities of 25, 35, 50, 75, and 100, 6.6 
ampere enclosed arcs. The low power factor of such a system on 
light loads shows that a transformer should be selected of such a 
capacity that it will be fully or nearly fully loaded at all times. 
The primary winding can be 
constructed for any voltage 
and the open circuit voltages 
of the secondaries are as fol- 
lows: 




25 light transformer, 2300 volts. 
35 « " 3200 " 

50 " " 4600 " 

75 " " 6900 " 

100 " " 9200 " 

The 50-, 75-, and lOO-light 
transformers are arranged for 
multiple circuit operation, 
two circuits used in multiple, 
and the voltages at full load 
reach 4,100 for each circuit on 
the lOO-light machine. 

The second system, used 
for series distribution on 
alternating-current circuits? 
consists of a constant-potential transformer, stepping down the 
line voltage to that required for the total number of lamps on the 
system, allowing 83 volt* for each laujp, and in series with the 
lamps is a reactive coil, the reactance of which is automatically 
regulated, as the load is increased or decreased, in order to keep the 
current in the line constant. Fig. 31 shows such a regulator as 
manufactured by the General Incandescent Arc Light Company^ 
and Fig. 32 shows this regulator connected in circuit. The in- 
ductance is varied by the movement of the coil to include more or 
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less iron in the magnetic circuit. Since the inductance in series 
with the lamps is high on light loads, the power factor is greatly 
reduced as in the constant-current transformer; and the circuits 
should, preferably, be mn fully loaded. 60 to 65 lamps on a circuit 
is the maximum limit. 

While used primarily for arc-light circuits, the same systems, 
designed for lower currents, are very readily applied to series in- 
candescent systems. 

Multiple-series and series-multiple systems combine several 
lamps in series and these groups in multiple, or several lamps in 

multiple and these groups in series, 
respectively. They have but a lim- 
ited application. 

Multiple or Parallel Systems of 
Distribution. By far the largest 
number of lamps in service are con- 
nected to parallel systems of distribu- 
tion. In this system, the units are 
connected across the lines leading to 
the bus bars at the station, or to the 
secondaries of constant-potential 
transformers. Fig. 33 shows a dia- 
gram .of ten lamps connected in 
parallel. The current delivered by 
the machine depends directly on the 
number of lamps connected in service, 
the voltage of the system being kept 
constant. 

Inasmuch as the flow of current 
in a conductor is always accompanied 
by a fall of potential equal to the 
product of Hhe current flowing, into 
the resistance of the conductor, the lamps at the end of the system 
shown will not have as high a voltage impressed upon them as 
those nearer the machine. This drop in potential is the most 
serious obstacle that we have to overcome in multiple systems, and 
various schemes have been adopted to aid in this regulation. The 
systems may be classified as: 
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First, Cylindrical Conductors, parallel feeding. 
Second, Conical " " " 

Third, Cylindrical " anti-parallel feeding. 

Fourth, Conical " 



(t 



(( 



In the cylindrical conductor, parallel-feeding system, the con- 
ductors, A, B, C, D, Fig. 33, are of the same size throughout and 
are fed at the same end by the generator. The voltage is a min- 
imum at the lamps E and a maximum at the lamps F; the value 
of the voltage at any lamp being readily calculated. 

By a conical or tapering conductor is meant a conductor 
whose diameter is so proportioned throughout its length that the 
current, divided by the 

cross-section or the current i^ lllflllii^ 
density, is a constant quan- (^^vOOOv T T T T Y^ 
tity. Such a conductor is c o 

approximated in practice Fig. 33. 

by using smaller sizes of 

wire as the current in the (g^ QQQQQQQCjCSq 
lines becomes less. If > T I I I I i T T | 

In an anti-parallel sys- 
tem, the current is fed to 
the lamps from opposite 
ends of the system as shown 
in Fig. 34. 

Multiple-Wire Sys- 
tems. In order to take ad- 



Fig. 34. 




Fig. a5. 



vantage of a higher voltage for distribution of power to the light- 
ing circuits, three- and five-wire systems have been introduced, the 
three-wire system being used to a very large extent. In this sys- 
tem, three conductors are used, the voltage from each outside 
conductor and the middle neutral conductor being the same as for 
a simple parallel system. Fig. 35 gives a diagram of this. By 
this system the amount of copper required for a given number of 
lamps is from five-sixteenths to three-eighths of the amount 
required for a two-wire distribution, depending on the size of the 
neutral conductor. The saving of copper together with the disad- 
vantages of the system is more fully treated in the paper on 
Power Transmission. 
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ILLUniNATION. 

Illumination may be defined as the quality and quantity of 
light which aids in the discrimination of outline and the percep- 
tion of color. Not only the quantity, but the quality of the light, 
as well as the arrangement of the units, must be considered in a 
complete study of the subject of illumination. 

The Unit of Illumination is the candle-foot and its value is 
the amount of light falling on a surface at a distance of one foot 
from a source of light one candle-power in value. The law of in- 
verse squares, namely, that the illumination from a given source 
varies inversely as the square of the distance from the source, 
shows that the illumination at a distance of two feet from a sin- 
gle candle-power unit is .25 candle- foot. For further considera- 
tion of the law of inverse squares, see " Photometry ". 

Illumination may be classified as useful illumination, when 
Used for the ordinary purposes of furnishing light for carrying on 
work, taking the place of daylight, and scenic illumination. The 
latter applies to all forms of decorative lighting such as stage 
lighting, etc. The two divisions, are not, as a rule, distinct, but 
the one is combined with the other. 

Intrinsic Brightness. By intrinsic brightness is meant the 
amount of light emitted per unit surface of the light source. Table 
3 gives the intrinsic brightness of several light sources. 

TABLE 3. 
Intrinsic Brilliancies in Candle-Power per Square Inch. 

Source Brilliancy Notes. 

Sun in zenith 600,000 

Sun at 30 degrees elev 500,000 

Sun on horizon 2,000 

Arc light 10,000 to 100,000 Maximum about 200,000 in crater. 

Calcium light 5,000 

Nernst "glower" 1,000 Unshaded. 

Incandescent lamp 200-300 Depending on efficiency. 

Enclosed arc 75-100 Opalescent inner globe. 

Acetylene flame 75-100 

Welsbach light 20 to 25 

Kerosene light 4to8 Variable. 

Candle 3 to 4 

Gas flame 3 to 8 Variable. 

Incandescent (frosted) 2 to 5 

Opal shaded lamps, etc — 0.5 to 2 



Rough equivalent values, taking 
account of absorption. 



314 



i 

s 3 



a* 

o C 



ELECTRIC LIGHTING 41 

■ a^ m —^a^^M ■ ■ ^^^^m^ - 

Keg^ular Reflection. Regular reflection is the term applied to 
reflection of light when the reflected rays are parallel. It is of siicb 
a nature that the image of the light source is seen in the reflection. 
The reflection from a plane mirror is an example of this. It is use- 
ful in lighting in that the direction of light may be changed 
without complicating calculations aside from deductions uecessarv 
to compensate for the small amount of light absorbed. 

Irregular Reflection, or diffusion, consists of reflection in 
which the reflected rays of light are not pifirallel but take various 
directions, thus destroying the image of the light source. Rough, 
unpolished surfaces give such reflection. Smooth, unpolished sur- 
faces generally give a combination of the two kinds of reflection. 
Diffused reflection is very important in the study of illumination 
inasmuch as diflFused light plays an important part in the lighting 
of interiors. This form of reflection is seen in many photometer 
screens. Light is also diffused when passing through semi- 
transparent shades or screens. 

In considering reflected light, we find that, if the surface on 
which the light falls is colored, the reflected light may be changed 
in its nature by the absorption of some of the colors. Since, as has 
been said, in interior lighting the reflected light forms a large part 
of the source of illumination, this illumination will depend upon 
the nature and color of the reflecting surfaces. 

Whenever light is reflected from a surface, either by direct or 
diffused reflection, a certain amount of light is absorbed by the 
surface. Table 4 gives the amount of white light reflected from 
different materials. 

TABLE 4. 

Material. 

White blotting paper , 82 

White cartridge paper 80 

Chrome yellow paper 62 

Orange paper 50 

Yellow wall paper 40 

Light pink paper -36 

Yellow cardboard .30 

Light blue cardboard .25 

£merald green paper 18 

Dark bfown paper 13 

Vermilion paper 12 

Blue-green paper 12 

Black paper .05 

Black cloth 0V> 

Black velvet .004 
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From this table it is seen that the light-colored papers 
reflect the light well, but of the darker colors only yellow has a 
comparatively high coefficient of reflection. Black velvet has the 
lowest value, but this only holds when the material is free from 
dust. Kooms with dark walls require a greater amount of illu- 
minating power, as will be seen later. 

Useful illumination may be considered under the following 
heads : 

1. Residence Lighting. 

2. Lighting of Public Halls, Offices, Drafting Rooms, Shops, etc. 

3. Street Lighting. 

RESIDENCE LIQHTINQ. 

Type of Lamps. The lamps used for this class of lighting are 
limited to the less powerful units, namely, incandescent or Nernst 
lamps varying in candle-power from 8 to 82 per unit. These 
should always be shaded so as to keep the intrinsic brightness low. 
The intrinsic brilliancy should seldom exceed 2 to 3 candle-power 
per square inch, and its reduction is usually accomplished by appro- 
priate shading. Arc lights are so powerful as to be uneconomical 
for small rooms, while the color of the mercury- vapor light is ao 
additional objection to its use. 

Plan of Illumination. Lamps may be selected and so looated 
as to give a brilliant and fairly uniform illumination in a room; 
but this is an uneconomical scheme, and the one more commonly 
employed is to furnish a uniform, though comparatively weak, 
ground illumination, and to reinforce this at points where it is 
necessary or desirable. The latter plan is satisfactory in almost 
all cases and the more economical of the two. 

While the use of units of different power is to be recom- 
mended, where desirable, lights differing in color should not be 
used for lighting the same room. As an exaggerated case, the 
use of arc with incandescent lamps might be mentioned. The arcs 
being so much whiter than the incandescent lamps, the latter ap- 
pear distinctly yellow when the two are viewed at the same time. 

Calculation of Illumination. In determining the value of 
illumination, not only the candle-power of the units, but the 
amount of reflected light must be considered for the given location 
of the lamps. Following is a formula based on the coefficient of 
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reflection of the walls of the room, which serves for preliminary 
calculations : 



r.p, 1 - /• 

I = Illumination in candle-feet, 
c,p. = Candle-power of the unit. • 
k = Coefficient of reflection of the walls. 
d = distance from the unit in feet. 

Where several units of the same candle-power are used this 
formula becomes 

/111 X 1 

e.p. = -^—i 1 i- 

^ <P^ d\ +</'-'., ■'■ ""■' ) I'-X- 

where dj ^Z,, d.^^ etc., e(jual the distances from the point considered 
to the various licrht sources. If the lamps are of different candle- 
power, the illumination may he determined by combining the illu: 
mination from each source as calculated sej)arately. An example 
of calculation is given under " Arrangement of Lamps ". 

It is readily seen that the effect of reflected light from the 
ceilings is of more importance than that from the floor of a room. 
The value of l\ in the above formula, will vary from 00% to 10%, 
but for rooms with a fairly light finish 50% may be taken as a 
good average value. 

The amount of illumination will de[)end on the use to be 
made of the room. One candle-foot gives sufficient illumination 
for easy reading, when measured normal to the page, and probably 
an illumination of .5 candle- foot on a ])lane 3 feet from the floor 
forms a sufficient ground illumination. The illumination from 
sunlight reflected from white clouds is from 20 candle-feet up, 
while that due to n)oonlitrht is in the neit^hborhood of .03 candle- 
foot. It is not possible to produce artificially a light equivalent to 
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daylight on account of the great amount of energy that would be 
required and the difficulty of obtaining proper diffusion. 

Arrangement of Lamps. An arrangement of lamps giving 
a uniform illumination cannot be well applied to residences on ac- 
count of the number of units required, and the inartistic effect. 
We are limited to chandeliers, side lights, or ceiling lights, in the 
majority of cases, with table or reading lamps for special illumi- 
nation. 

When ceiling lamps are used and the ceilings are high, some 
form of reflector or reflector lamp is to be recommended. In any 
case where the coefficient of reflection of the ceilings is less than 
40%, it is more economical to use reflectors. When lamps are 
mounted on chandeliers, the illumination is far from uniform, be- 
ing a maximum in the neighborhood of the chandelier and a min- 
imum at the corners of the room. By combining chandeliers 
with side lights it is generally possible to get a satisfactory arrange- 
ment of lighting for small or medium-sized rooms. 

As a check on the candle-power in lamps required, we have 
the following: 

For brilliant illumination allow one candle-power 
per two square feet of floor space. In some particu- 
lar cases, such as ball rooms, this may be increased 
to one candle-power per square foot. 

For general illumination allow one candle- 
power for four square feet of floor space, and 
strengthen this illumination with the aid of special 
lamps as required. The location of lamps and the 
height of ceilings will modify these flgures to some 
extent. 

As an example of the calculation of the 
illumination of'a room with different arrange- 
ments of the units of light, assume a room 
10 feet square, 12 feet high, and with walls 
having a coefficient of reflection of 50%. 
Consider first the illumination on a plane 3 
feet above the floor when lighted by a single group of lights 
mounted at the center of the room 3 feet below the ceiling. If a 
minimum value of .5. candle-foot is required at the corner of the 
room we have the equation 





Fig. 36. 
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.5 = C.J).. 



12.8^ 



1 - .0 



bince d = v'H'' + 8' + 6^ = 12.8 (see Fig. 36) 
Solving the above for the value of c.j).^ we have 



.5 



c.p. = 



- -= .5 X 82 = 41 



104 



X 



.0 



Three 16 -candle -power lamps would serve this purpose very 
well. 

Determining the illumination directly 
under the lamp, we have: 

I = 48 X 



G^ 



X 



1 _ 48 
1-.5 '^ M^ 



2.7 candle-feet, or live times the value of the 
illumination at the corners of the room. 

Next consider four 8-candle-power lamps ^f 
located on the side walls 8 feet above the 
floor as shown in Fig. 37. (calculating the | 
illumination at the center of the room on a J ^ 
plane three feet above the floor, we have: 

I=8(-1- + -1- + .J_ + _L^ ' 

^ 8'j ^ 8y ^ 8y H\) •■ 

<f z^ 8* -f 5* = 61 + 25 = 89 




1-.5 



OJ 



1 




Fig. 37. 



I = 8 X -rrrr- X 2 = .72 caudle-foot. 
The illumination at the corner of the room would be: 



89 



89 



345 



345 ^ 1 - .5 



o 



2 



= 8(— ^P + .> . ,. ) X 2 =. .45 candle- foot. 



89 



345 



In a similar manner the illumination may be calculated for 
any point in the room, or a series of points may be taken and curves 
plotted showing the distribution of the light, as well as the areas 
having the same illumination. Where refined calculations are de- 
sired, the distribution curve of the lamp must be used for deter- 
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iiiiniiig the caodle-power 
in different directions. 
Fig. 38 shows illumina- 
tion curves for tbe Merid- 
. ian lamp manufactured 
by the General Electric 
Company. Thisisaform 
of reflector lamp made in 
two sizes, 25 or 50 candle- 
power. Fig. SO- gives the 
distribution curves for the 
50-candle-power unit. 
Similar incandescent 
lamps are now being 
manufactnred by other 
companies. 

Table 5 gives desirable 
data in connection with 
the use of the Meridian 
lamp. 

By means of the Weber, 
or some other form of 
portable photometer, curves as jilotti'd from calculations may be 
readily checked after the lamjis are installed. AVhen lamps are to 
be permanently located, the i]nestion of illumination becomes an 

TABLE 5. 
Illuminating Data for Meridian Lamps. 



Fig. 38. 



1 Lamp (80 Wafts)'No,2I.ainp(lsu Waits) 






Lamps 
Vhen Two 



i feet. 



When Two 
rMore 
•UsBd. 



uf Area 
Llebted 
With 
Elltwr 

250 
1.66 

1.25 
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important one, and it is customary to determine, by calcalation, 
the illumination curves and the isophotals. Fig. 38, as the lines 




Fig. 38. 
showing equal illumination are called, for each room before install- 




ing the lamps. This applies to the lighting of large interiors 
more particularly than to residence lighting. 
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Dr. Louis Bell gives the following in connection with resi 
ience lighting: 

TABLE 6. 



Room. 8 c.p. 

Hall,15' X20' 8 

Library, 20' X 20^ 12 

Reception room, 15' X 15'. ... . 4 

Music room, 20' X 25* 12 

Dining room, 15' X 20' U 

Billiard room, 15' X 20' 

Porch 

Bedrooms (6), 15' X 15' 

Dressing rooms (2), 10' X 15'.. 
Servants' rooms (3), 10* X 15'. . 

Bathrooms (3), 8' X 10* 

Kitchen, 15' X 15' { 

Pantry, 10' X 15' f 

Halls I .^ 

Cellar f '-' "^^ 

Closets (4) :... 4 

^ 1 ■ I _i 

Total 04 



Sq. ft. 
16 c.p. 32 c.p. per c.p. Remarks 

4.7 

1 3.1 
7.0 

2 3.0 
2.7 
2.3 



8-c.p. reflector 
[lamps. 



1 



U 
4 
3 
3 



7.0 
4.7 
9.4 
5.0 



8 reflector lamps 
32-c.p. with re- 
[flectors. 



Reflector lamps 
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LIQHTINQ OF PUBLIC HALLS, OFFICES, ETC, 

Lighting of public halls and other large interiors differs from 
the illumination of residences in that there is usually less reflected 
light, and, again, the distance of the light sources from the plane 
of illumination is generally greater if an artistic arrangement of 
the lights is to be brought about. This in turn reduces the direct 
illumination. The primary object is, however, as in residence 
lighting, to produce a fairly uniform ground illumination and to 
superimpose a stronger illumination where necessary. An illlu- 
mination of .5 candle-feet for the ground illumination may be 
taken as a minimum. 

In the lighting of large rooms it is permissible to use larger 
light units, such as arc lamps and high candle-power Nernst or 
incandescent units, while for factory lighting and drafting rooms, 
where the color of the light is not so essential, the Cooper Hewitt 
lamp is being introduced. High candle-power reflector lamps, 
such as the Meridian lamp, are being used to a largo extent for 
oflices and drafting rooms. 

The choice of the type of lamp depends on the nature of the 
work. Where the light must be steady, incandescent or Nernst 
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lamps are to be preferred to the arc or vapor laraps, though the 
latter are often the more efficient. When arcs are used, they must 
be carefully shaded so as to diffuse the light, doing away with the 
strong shadows due to portions of the lamp mechanism, and to re- 
duce the intrinsic brightness. Such shading will be taken up 
under the heading " Shades and Reflectors ". Arcs are preferable 
to incandescent lamps when colored objects are to be illuminated, 
as in stores and display windows. 

In locating lamps for this class of lighting, much depends on 
the nature of the building and on the degree of economy to be ob- 
served. For preliminary determination of the location of groups, 
or the illumination when certain arrangement of the units is 
assumed, the principles outlined under " Residence Lighting" 
may be applied. It has been found that actual measurements 
show results approximating closely such calculated values. 

When arcs are used they should be placed fairly high, twenty 
to twenty-five feet when used for general illumination and the 
ceilings are high. They should be supplied with reflectors so as 
to utilize the light ordinarily thrown upwards. When used for 
drafting-room work, they should be suspended from twelve to fif- 
teen feet above the floor, and special care must be taken to diffuse 
the light. 

Incandescent lamps may be arranged in groups, either as side 
lights or mounted on chandeliers, or they may be arranged as a 
frieze running around the room a few feet below the ceiling. The 
last named arrangement of lights is one that may be made artistic, 
but it is uneconomical and when used should serve for the ground 
illumination only. Reflector lights may be used for this style of 
work and the lights may be entirely concealed from view, the re- 
flecting property of the walls being utilized for distributing the 
light where needed. 

Ceiling lights should preferably be supplied with reflectors, 
especially when the ceilings are high. 

Measurements taken in well -lighted rooms having a floor 
space of from 1,000 to 5,000 square feet show an average of 3 to 
3.5 square feet per candle-j»ower. About 2.5 square feet per can- 
dle-power should be allowed when brilliant lighting is required or 
the ceilings are very high, while 3.75 square feet per candle power 
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will give good illumination when lights are well dietributed and 
there is considerable reflected light. 

In factory and drafting room lighting, the lamps must be ar- 
ranged to give a strong light where most needed, and located to 
prevent such shadows as would interfere with the work. 

Following are tables showing the number and distribution of 
arc and mercury- vapor lamps for lighting large rooms. Table 7 
refers to arc lights as actually installed. 

TABLB a. 
Lighting: Data for Cooper-Hewitt Lamps. 

Drafting Room, 2,140 sq. ft. 8 V-5 lamps. 

265 sq. ft. per lamp. 8 X 3.3 amperes = 26.5 amp. 
voltage 110. 80 sq. ft. per amp. 

Office. 1,100 sq. ft. 3 H-4 lamps. 

366 sq. ft. per lamp. 3x3.3 amp. = 10 amp. 

voltage 110. 110 sq. ft. per amp. 

Factory. 12,000 sq. ft. 30 V-4 lamps. 

400 sq. ft. per lamp. 30x1.7 amp. = 51 amp. 

voltage 110. 

STREET LIOHTINO. 

In studying the lighting of streets and parks, we find that, 
except in special cases, such as narrow streets and high buildings, 
there is no reflected light which aids the illumination aside from 
that due to special shades or reflectors on the lamp itself. Such 
reflectors are necessary if the light ordinarily thrown above the 
horizontal plane is to be utilized. 

In calculating the illumination due to any type of lamp at a 
given point it is necessary to know the distribution curve of the 
lauip used and the distauce.to the point illuminated. The approxi- 
mate illumination is given by the 
formula, 



1 = 



C,J). 



"-*^ 

_>--. 



/*' + </' 

when I = illumination in candle- -p. ^ 

feet ' 

c.p. = candle-power of the unit, determined from the distri. 
bution curve of the lamp. 
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Pig. 41 



h = distance the lamp is mounted above the ground, in feet, 
and d == distance from tlie base of the pole supporting the lamp 
to the point where the illu- 
mination is being considered. 
See Fig. 40. 

While this will give the 
illumination in candle-feet, 
the nature of the lighting 
cannot be decided from this 
alone, but the total amount of 
light must also be considered. 
Thus, a street lighted with 
powerful units and giving a 
minimum illumination of .Go candle-foot would he considered better 
illuminated than one having smaller units so distributed as to give 

the same minimum value. 

Since a uniform dis- 
tribution of light is de- 
sirable, for economic 
reasons, the ideal distri- 
bution curve of a lamp 
for street lijihting would 
be a curve which shows 
a low value of candle- 
power thrown directly 
downward, but with the 
candle-j)ower increasing 
as we approach the hori- 
zontal. Such an ideal 
distribution curve is 
shown in Fig. 41. 

Actual distribution 
curves taken from com- 
mercial arc lamps are 
given in Fig. 42, in 
which 

Curve A shows distribu- 




Fig. 42. 



tion curve for a 9.6-ampere, open, direct-current arc. 

Curve B shows distribution curve for a 6.6 ampere, D.C. enclosed arc. 
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Curve C shows distribution curve for a 7.5-ampere, A.C. enclosed arc. 
Globes used withB and C are opal, inner globes, clear, outer globes. 
Globes used with A are clear outer globes. 
A street reflector was used with the enclosed arcs. 

A series of curves known as illumination curves may bo 
readily calculated showing the illumination in candle-feet at given 




-laaj aiQNvo 'xvh 
Fig. 43. 



distance from the foot of the pole, supporting the lamp. Illumi- 
nation curves corresponding to the distribution curves in Fig. 42 
are given in Fig. 43 where A'^ B', and C correspond to A, B, and 
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C in Fig. 42. These cnrree correspond to a<!tual re^ings taken 
with commercial lamps. Similar curves for incandescent lamps 
are shown in Fig. 44. A value of .03 candle-foot is about the 
minimum for good street lighting. Open arcs should be placed 
at least 25 feet above the ground ; 30 to 40 feet is better, especially 
if the space to be illuminated is quite open. With enclosed arcs 
it is often advantageous to place them as low as 18 to 20 feet from 
the ground. Table 9 gives the distance between lights for dif- 
ferent types of arcs for good illumination. 

TABLE 9. 

Distance Lights 

Kind ot Light. between Lights. Per Mile. 

e.6-ampere encloeed D.C. arc 340 Feet. 15 

9.6-ampere open D.C, are 315 " 17 

6.6-ampere enclosed A.C. ate 275 " 19 

e.6-aiiipere open D.C. arc 260 " 20 

In considering the type of arc light to be used we must turn 

to -the illumination curves as shown in Fig. 43. These curves 

show that the illumination from a 

direct-current open aTc in its present 

form is superior to that from a direct. 

current enclosed arc, taking the same 

amount of power, in the vicinity of 

the pole, but at a distance of 100 feet. 

Pig_ 44, the illumination from the enclosed 

arc is better. This illumination is 

still more effective on account of the absence of such strong light 

as is given by the open arc near the pole. The pupil of the eye 

adjusts itself to correspond to the brightest light in the field of 

vision, and we are unable to see as well in the dimly-lighted section 

as when the maximum intensity is less. The characteristics of the 

open, direct- current arc lamps are as follows: 

The mean epherioal candle-power and energy required at the are art 
variable. 

Fluctuations ot light are marked, due to wandering of tlie arc, flick- 
ering due to the wind and lack ot nnitonnity ot tbe carbons. 

Dense shadows are cast faj the side rods and the lower carbon, while 
the light is objectianablj strong in the vicinity of the pole. 

With the encloeed arc the moan spherical candle-power and the watts 
consumed at'- the arc are fairly constant. 
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No shadows are cast by the lamps, and the illumination is not subject 
to such wide variations. The enclosed arc is much superior to the open arc 
using the same amount of energy. This applies to the open arc as it is now 
used. With proi)er reflection and diffusion of the light such as might be 
accomplished by extensive or special shading, we ought to be able to get as 
good distribittion from the oi)en arc with a greater total amount of illumina- 
tion. 

In comparing the direct-current with the alternating-current 
enclosed arc, we see that the direct-current arc gives slightly more 
light than the alternating lamp, but this may be more than conn- 
terbalanced by the better distribution of light from the alternating- 
current lamp. The selection of A.O. or D.O. enclosed lamps will 
usually depend on other conditions, such as method of distribution 
of power, efficiency of plant, etc. 

Series incandescent lamps are used considerably for lighting 
the streets in residence sections of cities or where shade trees make 
it impracticable to use arcs. These vary in candle-power from 16 
to 50 or even higher, and are usually constructed so as to take 
from two to four amperes. The best arrangement of these is to 
mount them on brackets a few feet from the curb, with alternate 
lamps on opposite sides of the street. The distance between the 
lamps depends on their power. 50 candle-power lamps spaced 
100 feet between lamps, give a minimum illumination of .02 
candle-foot. 25 candle-power lamps spaced 
75 feet between lamps will serve where econ- 
omy is necessary. 

5HADB5 AND REFLECTORS. 

Lamps, as ordinarily constructed, do not 
always give a suitable distribution of light, 
while the intrinsic brightness is often too 
high for interior lighting. Shades are in- 
tended to modify the intensity of the light, 
while reflectors are used for the purpose of 
changing its direction. Frequently the two 
are combined in various ways. Shades are 
also used for decorative purposes, but, if 
possible, these should be of such a nature as to aid illumination 
rather than to reduce its efficiency. 




Fig. 45. 
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A considerable amount of light is absorbed by the material 
used for the construction of shades. Table 10 shows the approxi- 
mate amount absorbed by some materials. 

Of the great number of styles of shades and reflectors in use, 
only a few of the more important will be considered here. 

TABLE 10. - 

Per Cent 

Clear glass 10 

Alabaster glass 15 

Opaline glass ■ 20-40 

Ground glass 25-30 

Opal glass 25-60 

Milky glass dO-W 

Ground glass 24.4 

Prismatic glass 20. 7 

Opal glass 32.2 

Opaline glass x 23.0 






Fig. 47. 



One of the simplest methods of shading incandescent lamps 
is by the use of "frosted" globes. These serve to reduce the 
intrinsic brightness of the lamp, and should be freely used for resi- 
dence lighting when separate shades are not installed. Frosted 
globes are also used in connection with reflectors for the purpose of 
diffusing the reflected light. The McCreary shade as shown in 



330 



■I" 

sin 



= I 



S ii 

■ e » 

Ss? 



ELECTRIC LIGHTING 



Fig. 45 )8 an example of sach a combined Bbade and reflector. 
Fig. 46 Bhowa the distribution curve taken from an incandescent 
lamp using a McCreary shade. Fig. 47 shows the distribution 
of light from a conical shade. Fig. SO shows the distributioQ of 



Fig. 48. 

light brought about by means of a spiral filament and a reflector 
as used in the Meridian lamp. 

Ilolopliane globes are made for both reflecting and diffusing 
the light, and they can be made to bring about almost any desired 
distribution with but a small amount of absorption of light. These 
consist of shades of clear glass having horizontal grooves forming 
surfaces which change the direction of light by refraction or total 
reflection as is necessary. The diffusion of light is effected hy 
means of deep, rounded, vertical grooves on the interior surface of 
the globe. While these globes are of clear glass and absorb an 
amount of light corresponding to clear glass, the light ia so well 
ditfused that the filament of the lamp cannot be seen, and the globe 
appears as if made of some semi-trans|>arent material. Tlie ob- 
jections to globes of this type are their high coat and the difficulty 
in keeping them clean. 

Fig. 48 shows an enclosed arc lamp fitted with a concentric 
"dllfnser." This shade is sometimes applied to an inverted arc, 
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which IB a direct-current arc ia which the lower carbon ie made 
positive. The effect of this combination is beat ehown in Fig. 49. 
Fig. 60 shows the change in the illnminatioD cnrve produced by 
Buch Bhading, Inverted arcs have a considerable application when 
the light may be readily reflected and diffused as in lighting large 
rooms with light finish. 

Fig. 51 shows another form of adjustable diffuser which finds 
application when a soft light is required for a definite direction. 
This shade is very readily adapted to shop lighting. 



Fig. 49. 

Tlie use of opal enclosing globes ia recommended for arc lamps 
nsed for street lighting for the reason that they change the dis- 
tribution of the light so that it covers a greater area, and the light 
is so diffused as to obliterate shadows in the vicinity of the lamp. 
Table 11 gives the efficiency of different globe combinations for 
street lighting assuming the opal inner and the clear outer globes 
as 100%. 

TABLE II. 

Opal onclosinR and clear outer ](10 per cent 

Clear " " dear " 915 

" " " opnl " 85.1 " 

Opal " " opal " 82.7 " 
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PHOTOMETRY. 

Photometry is the art of comparing the illuminating proper- 
ties of light sources, and forms one branch of scientific measure- 
ment. Its use in electric illumination is to determine the relative 
values of different types of lamps as sources of illumination, to- 
gether with their efficiency ; also by means of the principles of 
photometry, we are able to study the distribution of illumination 
for any given arrangement of light sources. 
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LAMPS WITH CONCENTRIC LIGHT OIFFUSERS. 
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Fig. 50. 

Light Standards. Inasmuch as sources of light are com- 
pared with one another in photometry, we must have some stand- 
ard, or unit, to which nil light sources are reduced. This unit is 
usually the candle-power and the rating of most lamps is given 
in candle-power. 

While the candle-power remains the unit and is based on the 
standard English candle, other light standards have been intro- 
duced and are much more desirable. 

The English Candle. The English candle is made of sperm- 
aceti extracted from crude sperm oil, with the addition of a small 
quantity of beeswax to reduce the brittleness. Its length is ten 
inches, and»its diameter .9 inch at the bottom and .8 inch at the 
top, and its weight is one-sixth of a pound. Great care is taken 
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in the preparatioa of the wick and Bpermaceti. This candlu burns 
with a normal height of flame of 45 millimeters and consumes 
120 grains per hour whea burning in dry air at normal atmos- 
pheric pressure. Under these conditions, the light given by a 
single candle is one candle- |>ower. 

When used for measurements, the candle should be allowed 
to burn at least fifteen minutes before taking any readings. At 
the end of this period the wick should be trimmed, if necessary, 



Fig.5L 

and when the flame height reaches 45 millimeters, readings can 
be taken. The candle should not require trimming when the 
proper height of ilame has been reached. It is best' to weigh the 
amount of material consumed by balancing the caudle on a proper- 
ly arranged balance when the first reading is taken, and again bal- 
ancing at the end of a suitable period — ten to fifteen minutes. 
The candle-power of the unit is then, practically, directly propor- 
tional to the amount of the material consumed. 

The objections to the candle as a unit are that it burns with 
an open flame which is subject to variation in height and to the 
effect of air currents. The color of the light is not satisfactory, 
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being too rich in the red rays and the composition of the sperma- 
ceti is more or less uncertain. 

The German Candle is made of paraffine, very pure, and 
burns with a normal flame height of 50 millimeters and is subject 
to the same disadvantages as the English candle. It may be nec- 
essary to trim the wick to keep the flame height at 50 millimeters. 
The light given is a trifle greater than for the sj)ermaceti candle. 

The Carcel Lamp is built according to very careful specifi- 
cations and burns colza (rape seed) oil. It has been used to a 
large extent in France, but its present application is limited. 

The Pentane Lamp is a specially constructed lamp burning 
pentane, prepared by the distillation of gasoline between narrow 
limits of temperature. This standard is not extensively used. 

The Amyl Acetate Lamp. This lamp, known also as the 
Ilefner lamp, is at present the most desirable standard. It is a 
lamp built to very careful specifications, especially with regard to 
the dimension of the wick tube. It burns pure amyl acetate and 
the flame height should be 40 millimeters. This flame height 
must be very carefully adjusted by means of gauges furnished 
with the lamp. Amyl acetate is a colorless hydrocarbon prepared 
from the distillation of amyl alcohol obtained from fusil oil, with 
a mixture of acetic and sulphuric acids, or by distillation of a 
mixture of amyl acetate, sulphuric acid, and potassium acetate. 
It has a definite composition, and must be pure for this use. 

The most serious disadvantafje of this standard is the color of 
the light, inasmuch as it has a decidedly red tinge and is not 
readily compared with whiter lights. Its value is affected some- 
what by the moisture in the air and the atmospheric pressure, but 
it excels all other standards in that it is quite readily reproduced. 

Below is given the accepted value of the English and German 
candle in terms of the Ilefner unit. 

The Paraffine Candle ( Vereinskerze) ) ^ j g Hefner Units, 
at a flame height of iiO miUimeters. ) 

The English candle at a flame ) ^ ^ ^^ Hefner Units, 
height of 4o mmimeters j 

Working Standards. The units just described, together with 
some others, form reference standards, but an incandescent lamp 
is generally used as the working standard in all photometers. An 
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incandescent lamp, when used for this work, should be burned for 
about two hundred hours, or until it has reached the point in the 
life curve where its value is constant, and it should then be 
checked by means of some standard when in a given position and 
at a fixed voltage. It then serves as wi admirable working stand- 
ard if the applied voltage is carefully iregulated. Two such lamps 
should always be used — the one to serve as a check on the other; 
the checking lamp to be used for very short intervals only. 

Photometers. Two light sources are compared by means of 
a photometer which, in one of its simplest forms, consists of 
what is known as a Bunsen screen mounted on a carriage be- 
tween the two lights being compared, with its plane at right 
angles to a line passing through the light sources, and arranged 
with mirrors or prisms so that both sides of the screen may be 
observed at once. The Bunsen screen consists of a disc of paper 
with a portion of either the center, or a section around the 
center, treated with paraffine so as to render it translucent. If 
the light falling on one side of this screen is in excess, the 
translucent spot will appear dark on that side of the screen and 
light on the opposite side. Care must be taken to see that the two 
sides of the screen are exactly alik«, otherwise there will be an 
error introduced in using the screens. It is well to reverse the 
screen and check readings whenever a new lot of lamps are to be 
tested. When the litrht falliucr on the two sides of the screen is 
the same, the transparent spot disappears. The values of the two 
light sources are then directly proportional to the square of their 
distances from the screen. As an example, consider a 16 candle- 
power lamp being compared with a standard candle. Say the 
translucent spot disappears when the screen is distant 60 centi- 
meters from the standard candle, we then have the proportion, 

^ : 1 = (240/ : (60/ = 16 : 1, 

showing that the lamp gives 16 candle-power. 

The above law is known as the law of inverse squares, and 
holds true only when the dimensions of the light sources are smaU 
compared with the distance between them, and when there are no 
reflecting surfaces present as when the readings are taken in a dark 
room. 
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The proof that the light varies inversely witC the square of 
distance from the source is as follows: 

Consider two spherical surfaces, Fig. 52, illuminated by a 
source of light at the center. The same quantity of light falls 
on both surfaces. 

Area of S = 47rll^ sq. ft. (K is in feet.) 

Area of Sj = 47rK^, sq. ft. 

Let Q = total quantity of light and y =: light falling on 
an it surface. Then, 

Q 



'1 = 



!7i = 



!Z ''<h 






Q 
47rK^; 

9 

47rR^ : 47rR' 



R2 



Q 



K=^ 




Fig. 52. 
Fig. 53 shows the relation 

in another way. The area of C, distant two units from the source 
of light A, is four times that of 13 which is distant one unit. 

The Lummer-Brodhun Photometer. In addition to the 

Bunsen Screen described, 
there are several other 
forms of photometers, the 
most important of which 
J? is the Lummer-Brodhun. 
The essential feature of 
this instrument is the 
optical train which serves 
to bring into contrast the 
portions of the screen 
illuminated by the two 
sources of light. Referring to Fig. 54, the screen S is an opaque 




Fig. 53. 
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screen which reflects the light falling upon it from L, to the mirror 
M, when it is again reflected to the pair of glass prisms A, B. 
The surfaces sr are ground to fit perfectly and any light falling on 
this surface will pass through the prisms. Light falling on Ihe 
surface ar or hs will be reflected as shown by the arrows. We 
see then that the light from L, which falls on ar and 5.<?, is reflected 
to the eye piece or telescope T, while that falling on sr is trans- 
mitted to and absorbed by the black interior of the containing 
box. Likewise, the light from the screen L, is reflected by the 



-!•- 




Fig. 54. 

screen M, to the pair of prisms A, B. The rays falling on the 
surface sr pass through to the telescope T, while the rays falling 
on ar and hs are reflected and absorbed by the black lining of the 
case. The field of light, as then viewed through the telescope, 
appears as a disc of light produced by the screen Lj, surrounded 
by an annular ring of light produced by L. When the illumina- 
tion on the two sides of the screen is the same, the disc and ring 
appear alike and the dividing circle disappears. 

In using this screen, it is mounted the same as the Bunsen 
screen and readings are taken in the same manner. The screen 
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and prisms are arranged bo that they can be reversed readily and 
two readings ehould always be taken to corapeiiaate for any ine- 
qoalitiee in the sides of the screen and the reflecting surfaces, a 



mean of the two readingsservingas the true reading. This form of 

screen is nsed when especially accurate comparisons are required. 

Fig, 55 shows a complete photometer with a Lnmmer-Brod- 

jlun screen, while Fig. 56 shows a Bunsen Screen and sight box. 
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In Fig. 55, the lamps are shaded by means of curtains so as to 
leave only a small opening toward the screen. 





Fig. 56. 

The Weber Photometer. As an eJcample of a portable type 
of photometer, we have the Weber. This photometer, shown in 
Fig. 57, is very compact and is esjK^cially adapted to measuring 

intensity of illumination as 
well as the value of light 
sources; it may be used for 
exploring the illumination of 
rooms or the lighting of 
streets. 

This apparatus consists of 
a tube A, Fig. 58, which is 
mounted horizontally and 
contains a circular, opal glass 
plate /*, which is movable by 
means of a rack and pinion. 
To this screen is attached an 
index finirer which moves 
over a scale attached to the 
outside of the tube. A lamp 
L, burning benzine, is 
mounted at the end of this tube. The benzine used should bo as 
pure as possible, and the liame height should be carefully adjusted 
to ^0 mm. when takincr readinijs. At rit^ht ancjles to the tube A 
is mounted the tube B which contains an eye piece at O, a Lum- 




Fiff. 57. 
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mer-Brodhun contrast prism at ^ and a support for opal or colored 
glass plates at g. 

Operation. The tube B is turned toward the source of light 
to be measured, the distance from the light to the screen at (j be- 
ing noted. The light from this source is diffused by the screen 
at y, while that from the standard is diffused by the screen y. By 
moving the screen y, the light falling on either side of the prism 
p can be equalized. The value of the unknown source can be 
determined from the reading of the screen/*, the- photometer hav- 
ing previously been cali- 
brated by means of a stand- 
ard lamp in place of the 
one to be measured. The 
calibration may be plotted 
in the form of a curve or 
it may be denoted by a con- 
stant, C, when we have the 
formula. 



C corresponds to a par- 
ticular plate at //, 

I = distance of screen 
/from the benzine lamp, 
and L = distance from the^ 



B 



Q 



I^ 
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screen (j to the light source L*L_L 

being measured. Screens Fig. 58. 

of different densities may 

be used at jr, depending on the strength of the light source. 

When used for measuring illumination, a white screen is used 
in connection with this photometer. The screen is mounted in 
front of the opening at (/, and turned so that it is illuminated by 
the source being considered. Readings of the screen/ are taken as 
before. A calibration curve is plotted for the instrument, using 
a known light source at known distance from the white screen 
when the instrument is mounted in a dark room. 

A photometer, known as the Matthews' Integrating Photom- 
eter, has recently been placed on the market, and a very good idea 
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Fig. 50. 

of its coiietructioii can ha obtaiiifd from Fig. 511, By means of a 
Byatem of mirrors, the light given by the lamp in several direc- 
tions may be inti.'grated and thrown on the photometer screen for 
comparison with the standard, the result giving the mean spherical 
candle-power from one reading. I!y covering all but one pair of 
screens, the light given in any one direction is easily determined. 
Incandescent Lamp Photometry. Apparatus. Some sort 
of screen, either the Bunsen type or the Lummer-Brodhan screen 
preferred, should be mounted ou a carriaae moving on a suitable 
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scale, and the lamp holders, one for the standard, the other for the 
lamp to be tested, are mounted at the ends of this scale. There 
are several types of so-called station photometers arranged bo as 
to be very convenient for testing incandescent lamps. Fig. 60 



FiR. 60. 

shows one form of station photometer manufactured by Queen & 
Co. The controlling rheostats and shielding curtains are not 
shown here. Fig. 01 shows a form of portable photometer for in. 
candescent lamps. The length of scale should not be less than 
100 centimeters, and 150 to JiOO centimeters is preferred. This 




Fig. CI. 

scale may be divided into centimeters or, for the purpose of doing 
away with much of the calculation, the scale maybe & propor- 
tioTial scale. This scale is based on the law of inverse squares 
and reads the ratio of the scjuares of the distances from the two 
lights being compared. If the standard used always has the same 
value, the scale may be made to read in candle-powers directly. 
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For mean horizontal candle-power measurements, the lamp 
should be rotated at 180 revolutions per minute, when mounted in 
a vertical position. 

For distribution curves a universal lamp holder which will 
allow the lamp to be placed in any position, and which indicates 
this position, is used. 

For mean spherical candle-power, the following method is 
used when the Matthews photometer is not available: 

The lamp is placed in an adjustable holder and readings taken 
with the lamp in thirty-eight positions, as follows: 

The measurement of the spherical intensity. For conven 
ience the tip of the lamp and its base may be termed the north 
and south poles respectively. 

" The mean of 13 readings taken at intervals of 30°, is taken 
to give the mean horizontal candle-power. 

Beginning again at 0° azimuth, thirteen readings are made in 
the prime meridian or vertical circle, the interval again being 30 \ 
and the last reading checking the first. 

It will be noticed that four readings, two being check read- 
ings, have been made at 0° azimuth in each case. The mean of 
the four is taken as the standard reading^ it being the value of the 
intensity, in this position, should the lamp be used as a standard. 

Additional sets of thirteen readings each — the last reading 
checking the first one — are similarly made on each of the vertical 
circles through 45'', 90*^, and Vd^^ azimuth. 

In combining the readings for the mean spherical intensity, 
a note is taken of the repetitions. 

Neglecting the repetitions, which may also be omitted in part, 
in the practice of the method, there remain thirty-eight points, as 
follows : 

Distributed 
Values. 

The mean of four measurements at the north pole of the lamp 1 

Four measurements on each of the vertical circles throu^rh 0^ and 90^ 

azimuth at vertical circle readings of 60\ 120^ 240^, and 300\ 8 
Four measurements on each of the vertical circles through QT^ 45 \ 
90^, and 135^ azimuth at vertical circle readings of 30^ 150^, 

210\ and 330' 16 

Twelve measurements 30^ apart at the equator 12 

Four null values at the south pole of lamp 1 

Total number of effective measurements 38 
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The points thus laid off on the reference sphere are approxi- 
mately equidistant, being somewhat closer together at the equator 
than at the poles." 

When the lamp is rotated^ readings are taken for each lo*^ or 
30'' in inclination, from 0^ to 90^, and from 0" to 270 \ I'hese are 
integrated values for their corresponding parallels of latitude on 
the unit sphere. 

The mean spherical candle-power from these readings may 
best be obtained by plotting a distribution curve from the read- 
ings, determining the area of this closed curve by means of a 
planimeter and taking the radius of an equivalent circle as the 
value for the mean spherical candle-power. 

In all tests the voltage of the lamp must be very closely reg- 
ulated. A storage battery forms the ideal source of current for 
such purposes. In testing incandescent lamps a standard similar 
to the lamp being tested is desirable and it should, preferably, be 
connected to the same leads. Any variation in the voltage of the 
mains then affects both lamps and the error introduced is slight. 

Arc Light Photometry. Owing to the variation of the 
amount of light given out by an arc lamp in one direction at any 
time, due to variation of the qualities of the carbons, position of 
the arc, and also on account of the color of the light, etc., the pho- 
tometry of arc lamps is much more difficult than that of incan- 
descent lamps. The curves shown in Figs. 10 and 11 are average 
distribution curves taken from several lamps and will vary con- 
siderably for any one lamp. If the arc is enclosed, this variation 
is not so great. 

The working standard should be an incandescent lamp run at 
a voltage above the normal so that the quality of the light will 
compare favorably with that of the arc. Since an incandescent 
lamp deteriorates rapidly when run at over voltage, the standard 
can be used only for short intervals and must bo frequently 
checked. 

Smce an arc lamp can be mounted in one position only, mir- 
rors must be used to obtain distribution curves. A mirror is used 
mounted at 45' with the axis of the photometer, and arranged so 
as to reflect the arc when in different positions. A mirror absorbs 
a certain per cent of the light falling upon it and this percentage 
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must be determined by using lamps previously standardized. 
The length of the photometer bar must include the distance from 
the mirror to the arc. 

The Weber photometer is well adapted to arc-light measure- 
ments inasmuch as appropriate screens may be used to cut down 
the intensity of the light. 

A special form of the Matthews' photometer is also used 
for testing arc lamps. 

For the comparison of the illumination from arc lamps as 
installed in service, an instrument known as an illuminometer is 
sometimes used. This consists of a light wooden box, readily 
portable, having a black interior and arranged with two openings. 
The one of these openings is for the purpose of admitting light 
from the source being considered, to a printed card. The other 
opening is for the purpose of viewing this card when illuminated 
by the light source. The printing on the card is made up from 
type of different sizes, and the smallest size which is legible, 
together with the distance from the light source, is noted. An- 
other method of application is to select some definite size of type 
and then to move the instrument from the light source to a point 
where this type is just legible and note the distance. From 
similar measurements taken on different lamps a good comparison 
may be obtained. Such an instrument is very convenient to use, 
and results obtained by different observers check very closely. 

The flicke?' photo fneter is used for the comparison of different 
colored lights, the basis for comparison being that each light, 
though different in color, shall produce light sensations equally 
intense for the purpose of distinguishing outlines. It consists, in 
one form, of an arrangement by means of which a sectored disc is 
rotated in front of each light source, these discs being so arranged 
that the light from one source is cut off while the other falls on 
the screen, and vice ver»a^ any form of screen being used for 
making the comparison. The discs must be revolved at such a 
rate that the light, viewed from the opposite side, will appear 
continuous. When the illumination of the two sides of the 
screen, under these conditions, is not the same, there will be a 
perceptible flicker and the screen should be so adjusted that this 
flicker disappears. The value of the light source can then be 
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calculated from the screen readinor in the usual, manner. Another 
device consists of the use of a special lens mounted in front of a 
wedge-shaped screen, the lens being constructed so as to reverse 
the image of the two sides of the screen, as viewed by the eye, 
when such lens is in front of the screen. The lens is so mounted 
that it can be oscillated rapidly in front of the screen, giving the 
same result as would be obtained were it possible to reverse the 
screen at such a rapid rate as to cause the illumination on the two 
sides to appear continuous. The setting of this screen is accom- 
plished as with the more simple forms. 

By the use of such forms of photometers it is found that re- 
sults with different colored licrhts can be obtained, which are 
comparable with results obtained with lights of the same color. 
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PRACTICAL TEST QUESTIONS. 

In the foregoiag sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large numbei 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, 
or Engineer's License. In some cases numerical 
answers are given as a further aid in this work. 
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KEINF-ORCEJ) CONCRETE. 
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1. How would you obtain testing samples from a carload of 
cement? 

2. Why must kerosene or benzine be used instead of water in 
determining the specific gravity of cement? 

3. While determining the specific gravity of cementby Le Chat- 
elier's apparatus, it was observed that the introduction of 64 grams 
of cement increased the volume by 20.3 cubic centimeters, ^^^lat 
was the specific gravity of the cement? 

4. How many holes should there be in each square inch of a 
No. 100 sieve? 

5. If a certain brand of cement requires 30 per cent of water 
to produce a paste of standard consistency, how much water should 
be used in a 1 : 3 mortar? 

6. \^^lat is '^initial set/* how soon should it develop and what 
is the standard test for the time? 

7. How much tensile strength should be developed by a 
briquette of neat Portland cement of good quality in 7 days? In 
28 days? 

8. Why does sand with grains of variable size produce a 
stronger concrete? 

9. Why arc cinders sometimes objectionable as an aggregate 
for concrete? 

10. \Miat general principles must be followed to obtain the 
densest concrete when using sand and stone of definite sizes? How 
would you determine the required proportions? 

11. Assume that the voids in the sand are measured to l)e 
approximately 40 per cent and that the voids in the stone are approxi- 
mately 45 per cent, using barrels containing 3.8 cubic feet of cement 
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how much cement, sand, and stone will be required for 100 cubic yards 
of 1:3: 6 concrete? 

12. What precautions should be taken to insure that hand- 
mixed concrete is properly mixed? 

13. Under what conditions is it profitable to mix concrete by 
machinery? 

14. What are the advantages and disadvantages of continuous 
mixers and batch mixers? 

15. What are the practical difficulties and disadvantages, in 
the operation of automatic measuring machines, of measuring the 
materials of concrete? 

16. Under what conditions is it proper to use "dry" concrete? 

17. WTiy is "wet" concrete the proper grade to use for rein- 
forced concrete work, especially when the reinforcing steel bars are 
numerous and complicated? 

18. WTiat is the danger in the excessive ramming of very wet 
concrete? 

19. Why is there any practical difficulty in bonding old and new 
concrete? What measures are taken to obtain a good bond? 

20. What is the effect, of freezing of concrete before it is set? 
How can concrete be safely placed in freezing weather? 

21. Describe one method of finishing a concrete surface so as 
to avoid any trace of the forms or centering. 

22. Describe some of the methods of rendering concrete water 
tight. 

23. What methods are used to prevent the forms or centering 
from adhering to the concrete? 

24. What precautions are taken to prevent the lumber in the 
forms from swelling or buckling? 

25. How long should the forms and centering for reinforced 
concrete remain in place under various conditions? 

26. What general principle must be followed to obtain the 
maximum economy in designing the forms for reinforced concrete 
work? 
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1. Why is there but little if any structural value to a beam 
made of plain concrete? 

2. State briefly the fundamental reasons for the economy of 
using concrete for compressive stresses and steel for tensile stresses. 

3. What is meant by the "neutral axis" of a beam? 

4. What is the essential difference between the elasticity of 
concrete under compression and that of steel or wood? 

5. Develop the formula (equation 3) for the summation of the 
compressive forces in a concrete beam, employing your own language 
altogether and elaborating in detail every step in the line of argument. 

6. What is the value of k when using 1 per cent of steel in 
beams made of 1 : 3: 6 concrete? 

7. What is the practical effect of using a lower percentage of 
steel than that called for by the theory (equation 10)? Is there any 
economy in using less steel? 

8. What is the practical effect of using more steel than the 
theory calls for? Does it make the structure any stronger? 

9. Develop a series of equations (similar to equation 13) on 
the basis of 1 : 2: 5 concrete whose modulus of elasticity (Ec) is assumed 
at 2,650,000 and whose ultimate crushing strength {&) is assumed at 
2,400 lbs. 

10. Using a factor of 2 for dead load and a factor of 4 for live 
load what is the maximum permissible live load which may be carried 
on a slab with a total actual thickness of 6 inches and a span of 8 feet? 

11. If a roof slab is to be made of 1 : 3 : 6 concrete and designed 
to carry a live load of 40 pounds per square foot on a span of 10 feet, 
what should be the thickness of the slab and the spacing of f-inch 
square bars? 
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12. If a floor slab panel is 25 feet inches wide (perpendicular 
to the direction of the main reinforcing bars) and the calculation shows 
that i-inch bars should be spaced 6f inches apart, how would you 
instruct the workmen about spacing the bars in such a panel? 

13. A beam having a span of IS feet is required to carry a live 
load of 12,000 pounds uniformly distributed. Using 1:3:6 concrete 
and a factor of four what should be the dimensions of the beam 
whose depth is approximately twice its width? 

14. ^\^lat will be the intensity per square inch of the maximum 
vertical shear in the above beam? 

15. What are the two general methods of providing for diagonal 
shear near the ends of the beam? 

16. Make a drawing of the beam designed in Question 13 show- 
ing especially the reinforcement and the method of providing for the 
diagonal shear. 

17. Discuss the advantage of using steel with a high elastic 
limit and also the possible danger in such use. 

18. Make a design for a slab of 1:3:6 concrete, reinforced ip 
both directions which is laid on I-beams spaced 10 feet apart in each 
direction. 

19. What wull be the bursting stress per inch of height at the 
bottom of a concrete tank having an inside diameter of 10 feet designed 
to hold water with a depth of 40 feet? Wliat size and spacing of bars 
will furnish such a reinforcement? 

20. With a nominal wind pressure of 50 pounds per square foot, 
on a flat surface, what will be the intensity of the compression on the 
leeward side of the tank, allowing also for the weight of the concrete, 
and assuming a tliickness of 12 inches? 

21. On the basis of the approximate theory given in the text, 
what would be the required steel vertical reinforcement for the above 
described tank? 

22. Design a retaining wall to hold up an embankment 30 feet 
high, making a cross-sectional drawing and plan drawing similar to 
Fig. 48, assuming that the buttresses are to be 15 feet apart. 

23. Compute the required detail dimensions and the reinforce- 
ment for the box culvert, illustrated in Fig. 49, on the basis that the 
culvert is to be 10 feet wide, 12 feet high, supporting an embankment 
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15 feet deep, and also a railroad loading of 1,500 pounds per square 
foot. 

24. WTiat are the general principles underlying the economy of 
reinforced concrete for arches, the spandrel walls of arches, and 
particularly arch abutments? 

25. A colunm is to be supported on a soil on which the safe 
load is estimated at 6,000 pounds per square foot; the column carries 
a total load of 210,000 pounds; the column is 22 inches square; 
what should be tlie dimensions of the footing and how should it be 
reinforced? 

26. A pair of columns which are 12 feet apart, one of which 
carries a load of 210,000 pounds and the other a load of 150,000 
pounds, are to be supported on the same soil as described above. 
\\Tiat should be the dimensions of the compound footing which will 
carry both of these columns and what should be its reinforcement? 
Make a detail drawing similar to Fig. 52 but showing all the dimen- 
sions. 

27. . WTiat is the practical use of steel in the reinforcing of con- 
crete columns? 

28. WTiat should be the steel reinforcement of the column 
described in Question 25, on the basis that the compressive stress in 
the concrete shall not exceed 400 pounds per. square inch? 

29. In case the Une of pressure on the column of Question 28 
should be 3 inches away from the center of the column, what would 
be the maximum intensity of the pressure per square inch? 

30. Upon what general principle is a T-beam stronger than a 
plain, rectangular beam of the same width and depth? 

31. \\Tiat assumption is made regarding the distribution of 
compressive stress in a T-beam? 

32. ^^^ly is the width of the rib of a T-beam limited to three 
times the thickness of the slab? 

33. Develop the formula (Equation 20) for the pressure P' on 
the flange of a T-beam, elaborating in detail every step in the Hne of 
argument? ' 

34. Recompute the numerical problem on Page 118 on the 
basis that the beams are to be spaced 6 feet apart? 
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1. What points should be borne in mind when selecting a 
heating boiler for a given service ? 

2. Explain by an example how to check the catalogue rating 
of a boiler. 

3. Point out the difference between (a) direct, (b) direct- 
indirect, and (c) indirect radiation. 

4. State the advantages of each type. 

5. What advantages do overhead coils possess over other 
classes of direct radiation ? 

G. (a) With overhead coil heating, how should the coils he 
placed with reference to walls and floor to secure the best results ? 
(b) Why? 

7. In what two ways is heat given off by a radiator ? 

8. What advantages has a wet return system over one WMth 
dry returns? 

9. (a) In what classes of buildings, as a rule, may the over- 
head feed system be used and why? (b) What advantages are 
possessed over the up- feed system ? 

10. When should a two-pipe system be used in preference 
to a one-pipe? 

11. Explain the action of a siphon trap in balancing a low 
pressure steam heating system. 

12. When is it advisable to establish an artificial water line? 

13. Explain in detail how to compute the radiating surface 
for low pressure steam in a corner room 18 ft. square, 10 ft. high, 
the exposed w^all to be 16 in. thick, ex|)Osed toward the north and 
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west, and Laving glass surface equal to one-fourth the total exposed 
surface of wall and glass combined. 

14. Describe the action of aspirating heaters. To be most 
effective in causing a rapid flow of air in a flue, at what point 
should they be placed ? 

15. State some advantages to be secured by exhaust steam 
heating. 

16. What appliances are necessary in connection with exhaust 
steam heating that are not used with ordinary low pressure heating? 

17. (a) What are the main features in the so-called Vapor 
System? (b) What advantages are claimed over ordinary steam 
heating systems ? 

18. What is the purpose of the "mercury-seal" in that type 
of heating system ? 

19. State the purpose and explain the action of steam traps. 

20. What is meant by "absolute pressure" of steam ? 

21. If a pipe is 80 ft. long when filled with steam at 10.3 
pounds pressure, what \vill be its length when filled with steam at 
100.3 pounds? Show method of computation. 

22. Describe (with sketches) several methods for taking up 
expansion. 

23. What is meant by the term "O. D." pipe ? 

24. What is the minimum thickness of "O. D." pipe to 
permit threading ? 

25. (a) With low pressure piping, up to -what size is it 
advisable to use screwed fittings? (b) What adiv-antages are there 
in using flanged fittings for the larger sizes? 

26. Describe two types of air valves. 

27. (a) Mention two kinds of dies. 

(b) What points must be attended to in order to secure 
the best results in using them ? 

28. What advantages have pipe tongs over wrenches? 

29. What advantages are possessed by the overhead feed 
system of hot water heating over the up-feed system ? 

30. What precautions is it necessary to take with regard to 
expansion tank connections and why ? 

31. State some advantages claimed for (a) open tank (b) 
closed tank hot- water heating systems. 
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1. Under what conditions is **lishing" of wires allowed? 
Explain the process. 

2. In conduit work how many quarter bends are allowed 
from outlet to outlet ? 

3. Tell what you can about flexible cord. 

4. .Where should cut-outs or circuit breakers be located for 
house wiring ? 

6. What must be the voltage of the dynamo in order to sup- 
ply lamps or motors in a 110-volt system, with a 5 per cent loss? 

6. What is a cull pole ? 

7. When a hi^h-potential machine has its frame grounded, 
what precautions should be taken for the protection of the at- 
tendant ? 

8. What can you say about the rules to be followed when 
installing wires ? 

9. Give a rule for the proper depth to which to set a pole. 

10. ITow would you ground a dynamo frame ? 

11. What is the least allowable radius of curvature in con^ 
duit work ? 

12. State the rule to be followed in starting or stopping 
motors. 

13. What is the objection to putting the ground wire from a 
lightning arrester into an iron pipe ? 

14. State briefly the requirements for interior wiring in the 
case of series arc lighting work. 
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15. Describe the care which should be given to the brushes 
to keep them in good condition. 

16. Describe a piece of apparatus for protecting the arma- 
ture of a motor. 

17. Why should standard rubber-covered wires be used in 
conduit work ? 

18. What is the least space that should be left between 

(a) The switchlx)ard and the floor? 

(b) The switchboard and the ceiling? 

19. What is the largest permissible current dependent upon 
one cut-out ? 

20. What insulation resistance is required between gas pipe 
attachments and an insulating joint ? 

21. Under what conditions should the frame of a dynamo be 
grounded ? 

22. What kind of wire must be used iu moulding work ? 

23. What can you say about wiring for damp places ? 

24. In which direction does the armature of a generator 
usually revolve ? 

25. Determine by use of table on page 40 what size of wire 
should be used to supply 75 1 6-candle-power incandescent lights, 

110 volts, loss 3 volts, and at a distance of 200 feet to center of 
distribution. 

20. What is the best material for poles? 

27. Describe a method of setting the brushes so that they 
will be diametrically opposite each other. 

28. In splicing two pieces of wire, what precautions are 
necessary ? 

20. What size of wire will be required to supply a 10-horse- 

power motor on a 500-volt circuit at a distance of 200 feet with 15 
volts' drop ? 

30. What current is taken by the motor referred to in Ques- 
tion 29 ? 

31. Describe the connections for the three-wire system. 

32. Determine by formula the size of wire for 40 16-candle- 
power incandescent lights on a 110-volt circuit with 5 volts' drop 
at a distance of 150 feet. 
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